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ABSTRACT
A System Model for Source Water Assessment in the Las Vegas Valley
by
Silvia Albuquerque
Dr. Thomas Piechota, Examination Committee Chair 
Assistant Professor, Department of Civil and Environmental Engineering 
University of Nevada, Las Vegas
The 1996 amendment to the Safe Drinking Water Act of 1974 created the 
Source Water Assessment Program (SWAP) with an objective to evaluate 
potential sources of contamination to drinking water intakes. The development of 
a Source Water Assessment Plan for Las Vegas Valley surface water runoff into 
Lake Mead is important since it will guide future work on source water protection 
of the main source of water.
For the assessment, two protection zones were delineated, and the 
potential sources of contamination in the protection area were inventoried. The 
vulnerability of the water intake to each of the potential contaminating activities 
(PCAs) was then assigned based on four factors: the physical barrier 
effectiveness, the risk potential, the time of travel, and the existing local water 
quality.
The vulnerability analysis shows that the drinking water intake is at a 
Moderate level of risk for VOC, SOC, microbiological and radiological
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contaminants. The drinking water intake is at a High level of risk for IOC 
contaminants. Source water protection in the Las Vegas Valley is strongly 
encouraged because of the documented influence of the Las Vegas Wash on the 
quality of the water at the intake.
Once the vulnerability of the intake was determined, a tool was developed 
to help with source water assessment, using the system dynamics model Stella. 
This model calculates the average vulnerability of the intake, given the four 
factors (PBE, risk potential, TOT, and water quality). It was tested with the data 
obtained in the Nevada SWAP, but it is applicable to any other area.
The model was then used to evaluate the possibility of the major road 
crossings impacting the drinking water intake.
Finally, the model was modified so it can be used for assessing accidental 
spills at locations near storm channels. Given the location and nature of the spill, 
the model calculates the risk of contamination of the intake raw water, and also 
determines the time it will take for the contamination to reach the intake.
IV
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CHAPTER 1
INTRODUCTION
1.1. Research Problem 
Source water protection is essential to guarantee public health protection and 
to reduce water treatment challenges and costs. The Safe Drinking Water Act 
was created in 1974 to regulate public drinking water supplies in the United 
States (USEPA, 1999). The 1996 amendment to this act created the Source 
Water Assessment Program (SWAP), with the objective of evaluating the 
vulnerability of source waters to contamination. According to the United States 
Environmental Protection Agency (USEPA, 2004), source water is any untreated 
surface or groundwater that is used as a drinking water supply. As part of the 
SWAP, the USEPA requires all US States to assess the vulnerability of their 
public water supplies to contamination. Their goal is to maintain, safeguard and 
improve the quality of drinking water supplies.
Once the vulnerability of the drinking water is assessed, it becomes much 
easier to make decisions on how to protect these drinking waters. Maintaining 
and improving source water quality can reduce water treatment challenges and 
costs and provide public health protection (Gullick 2003). Information obtained in 
the SWAP is therefore essential for the development of a Source Water 
Protection Program.
1
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The SWAP in Nevada follows the guidelines that were provided by the State 
of Nevada Bureau of Health Protection Services (BHPS, 1999) and approved by 
the USEPA. It involves the delineation of protection areas, the inventory of 
potential contaminating activities (PCAs), and the intake vulnerability 
determination to each source identified.
The overall goal of the research presented here was to assess the 
vulnerability of the drinking water intake to surface water runoff from the Las 
Vegas Valley, and also to develop tools to help source water assessment. The 
tools are then used for other studies involving the assessment of source water to 
individual incidents.
The research presented here concerns the assessment of the vulnerability of 
the raw surface water sources for the Las Vegas valley. The study uses 
watershed and water quality data to make the determination of sources with the 
highest risk to the drinking water intake. It is not an evaluation of contaminant 
loads and concentrations in the Las Vegas Wash, or in Lake Mead. In this work, 
vulnerability is a qualitative measure of how likely the intake is to be impacted by 
potential contaminating activities.
1.2. Source Water Assessment Program for Las Vegas 
According to the SWAP, each state must assess the vulnerability of its source 
water systems. In Southern Nevada, the first step for that assessment was to 
identify the watershed boundary and source water protection area. The research 
presented in this thesis builds on the work of a former UNLV graduate student.
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Marcelo Reginato, who identified the source water protection area. His work is 
presented in more detail in Chapter 2. The second step for the assessment was 
the inventory of potential sources of contamination within the protection area. 
Then, the vulnerability of the intake to contamination by each of the inventoried 
sources was assigned. The contaminants were divided into five categories: 
Volatile Organic Compound (VOCs), Synthetic Organic Compounds (SOCs), 
Inorganic Compounds (lOCs), Microbiological Compounds, and Radionuclides. 
The factors taken in consideration in this assessment were the time of travel 
(TOT), the physical barrier effectiveness (PBE), the existing water quality, and 
the risk potential. Finally, the overall vulnerability of the raw water intake to all 
sources combined for each of the contaminant categories was determined. The 
steps taken to complete the SWAP and the results are discussed in Chapter 3.
1.3. Development of SWAP Tools
After the vulnerability of the drinking water intake was established, a model 
was developed for SWAP determination, using the system dynamics model 
Stella. This model was tested with data obtained in the Nevada SWAP and can 
be applied to other areas and different situations.
In the Las Vegas Valley, it is common for transportation routes to be parallel 
or to cross the storm channels. In these locations, there is a chance of a vehicle 
spilling hazardous materials that would enter the channels and eventually reach 
the intake. The system model created for SWAP determination was used to 
evaluate the potential for the major road crossings to impact the drinking water
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
intake. A Geographic Information System (GIS) was used to identify the locations 
where the major roads intersected the storm channels in the valley. These major 
road crossings were analyzed using the model, both separately and along with 
the data obtained in the SWAP, to determine their potential to influence the raw 
water at the intake.
Finally, the system model was modified to assist a response team in the case 
of an actual spill. The model calculates the vulnerability of the intake to the 
particular spill, as well as the time it will take the contaminants to reach the 
intake. This is an initial attempt to provide a framework for a more detailed model 
that would include contaminant loads and concentrations, fate/transport 
analyses, wet weather velocities, and other aspects. The methodology for 
developing these models is presented in Chapter 4.
1.4. Research Questions 
The overall goal of this research is to assess the source water vulnerability for 
the Las Vegas surface water runoff into Lake Mead and to develop tools to assist 
in source water assessment. More specifically, the research questions addressed 
in this thesis are as follows:
• What are the potential sources of contamination within the surface water 
source water protection area in the Las Vegas Valley?
• What is the drinking water intake vulnerability to each of these sources 
of contamination?
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
• What is the overall drinking water intake vulnerability to all the potential 
contaminating activities combined?
• What is the risk of the major transportation routes impacting the drinking 
water intake?
• What is the source water vulnerability once a specific spill has occurred 
and how long will it take the contaminants to reach the intake?
1.5. Presentation of this Research 
This thesis will be presented in five chapters. Chapter 2 is a literature review, 
which presents some background information about the Las Vegas Valley, the 
SWAP, and system modeling. Chapter 3 describes the methodology used in the 
SWAP, and presents the results obtained. Chapter 4 illustrates the methodology 
used to develop the models, and the results obtained with their application. 
Conclusions and recommendations are presented in Chapter 5.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
LITERATURE REVIEW
2.1. Source Water Assessment Program (SWAP)
2.1.1 National Program 
According to Gullick (2003), maintaining and improving source water quality is 
a logical approach and can offer many benefits such as public health protection 
and reduction of water treatment challenges and costs. Breach (1993) states that 
although it could be argued that treatment technology should deal with the 
pollutants generated in a watershed, this approach might fail in some situations.
If there’s an especially elevated concentration of a certain pollutant, it might 
become too hard or even too expensive to treat it. Therefore, it is much better to 
prevent pollution of source waters than it is to treat it afterwards.
The Safe Drinking Water Act (SDWA) was passed by Congress in 1974 to 
protect public health by regulating the nation’s public drinking water supply 
(USEPA, 1999). The 1996 amendment to this act created the Source Water 
Assessment Program (SWAP). All US States were required to assess the 
vulnerability of public water supplies to contamination. The goal of the SWAP is 
to maintain, safeguard and improve the quality of drinking water supplies by 
performing source water assessment. The SWAP program involves the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
delineation of a protection area and tfie inventory of potential contaminating 
activities.
Source water protection is site-specific due to tfie diversity of natural waters 
and tfieir surrounding areas. Tfierefore, different areas will possibly call for 
different procedures (Gullick, 2003). Under tfie SWAP, each state defined its own 
methodology to assess its source water. This assessment plan had to be 
approved by the United States Environmental Protection Agency (USEPA). 
Following is a summary of the SWAP for several western states.
2.1.2 SWAP for Other States
The methodology for the SWAP in nine western states is summarized in 
Table 2-1.
In Washington, only 175 out of 2,250 systems use surface water. The 
inventory of PCAs was performed in a protection area that extends 500 ft around 
water bodies and up to 36 hours upstream of the intake during a 10 year flood 
event. All surface water systems were rated highly vulnerable (Washington State 
Department of Health, 2004).
The State of California allowed its public water systems to use one of three 
methods to delineate their source water protection areas: (1) establish setbacks 
from reservoir, streams or the intake using a fixed distance, (2) consider potential 
contaminants that are within a certain time of travel of the intake, (3) use 
modeling to identify the areas with the greatest potential impact to the drinking 
water intake.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2-1 SWAP for Otfier Western States.
State Protection Area Inventory of PCAs Vulnerability Determination
Washington Buffer along 
water bodies
Databases from existing 
programs converted into GIS
All surface water systems were rated 
susceptible
California Fixed distance, TOT or modeling Inventory form PBE, risk ranking, and location of PCA
Arizona Buffer along water bodies Existing databases, land uses
Hydrogeological sensitivity, land use 
evaluation rating
Utah Buffer along water bodies Surveys, GIS, land uses
Structural integrity of the intake, PBE, 
nature of the PCA
Montana Buffer along water bodies
Available electronic data, 
surveys
Intake integrity, PBE, existing water 
quality, nature and amount of PCA
Wyoming 3 protection zones
Available databases, field 
work
Integrity of the intake, PBE, nature of 
PCAs
Colorado
Entire watershed 
upstream of the 
intake
Colorado's primary drinking 
water regulations, data from 
state and federal agencies, 
stakeholders information
Risk Ranking, PBE, matrix combination
New Mexico
Buffer zones 
around water 
bodies
City, county, state, and 
federal databases; field work
Risk Ranking, number of PCAs in the 
area, distance from PCAs to intake, 
reservoir size (or stream flow rate)
Nevada
Buffer zones 
around water 
bodies
Field work, GIS coverages, 
available databases
Risk ranking, PBE, existing water 
quality, time of travel
Tfie inventory of PCAs was performed by a group of people witfi knowledge 
of tfie activities around tfie water intake, tfirougfi a previously developed PCA 
inventory form. Risk ranking, PBE, and PCA locations were used to determine to 
wfiicfi PCA tfie water source is most vulnerable (California Department of Healtfi 
Services CDHS, 2004).
In Arizona, tfie protection area is a buffer zone of 500 ft around water bodies, 
extending 10 miles upstream of tfie intake, or until tfie state boundary, wfiicfiever 
comes first. Tfie inventory was performed tfirougfi available existing databases. 
Tfie source vulnerability was determined based on tfie fiydrogeological sensitivity 
and tfie land use rating. All surface water systems were rated fiydrogeologically
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sensitive, which means that the final vulnerability rating was the same as the land 
use rating. The land use rating depends on whether or not there has been a spill 
at the location (Arizona Department of Environmental Quality, 2004).
The State of Utah used a buffer zone of V i mile around water bodies, 
extending 15 miles upstream of the intake for the protection area. For the 
vulnerability analysis, the evaluation of the integrity of the intake was combined 
with the PBE and the risk ranking for the source (State of Utah, 2004).
Montana’s protection area was also a % mile buffer zone around water 
bodies, extending 10 miles upstream of the intake. Available electronic data 
combined with surveys with public water systems personnel and residents were 
used for the inventory of PCAs. The vulnerability analysis considered the integrity 
of the drinking water intake, PBE, the water quality at the region, and the nature 
and amount of contaminants present in the source (State of Montana, 2004).
Less than 10% of public water systems in Wyoming rely on surface water 
sources for their drinking water. They used three protection zones. Zone 1 
consisted of the area within 100 ft radius from the intake. Zone 2 was a 100 ft 
buffer zone, extending 15 miles upstream of the intake. Zone 3 consists of the 
rest of the watershed area. The nature of the PCAs inventory differed depending 
on the protection zone. A complete inventory was conducted in zones 1 and 2. In 
zone 3, superfund sites, hazardous waste disposal sites, and federal facilities 
were noted (Wyoming Department of Environmental Quality, 2004).
Colorado defined its source water protection area to include the entire 
watershed area upstream of the intake. The inventory of PCAs contained the
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contaminants regulated under Colorado’s primary drinking water regulations, 
state and federal databases, and information provided by stakeholders. Although 
Colorado did not consider numeric values for the factors (PBE and risk ranking) 
analyzed in the vulnerability analysis, categories like LOW, MODERATE or HIGH 
were assigned to these factors. A matrix combination of the categories was then 
performed to determine the final vulnerability (Colorado Department of Public 
Health and Environment, 2004).
New Mexico used a 200 ft buffer zone around water bodies, extending 10 
miles upstream of the intake as the protection area (Zone A). Zone B extends 
300 ft from the boundaries of Zone A. The inventory of PCAs relied on available 
databases and field work. For the vulnerability determination, the Sate of New 
Mexico considered the reservoir size (the impact of a spill is greater in a small 
reservoir), the risk ranking, number of PCAs in the area and their distance to the 
intake (New Mexico Environment Department, 2004).
2.1.3 Nevada SWAP 
In Nevada, the guidelines for developing the SWAP were provided by the 
State of Nevada Bureau of Health Protection Services (BHPS). These guidelines 
were approved by the USEPA in 1999, and included: (1) the identification of the 
source water protection areas, (2) the inventory of the potential sources of 
contamination within the protection area, (3) assignment of the vulnerability of the 
intake to contamination by each individual source, and (4) determination of the 
overall vulnerability of the raw water intake to all contamination sources 
combined. The methodology used to delineate the source water protection areas
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in Nevada (buffer along water bodies) is tfie same used in most western states. 
Most states, including Nevada, used field work and available databases for tfieir 
inventory of PCAs. Tfie metfiodology for tfie vulnerability determination varied 
between tfie western states. Some states used simple approaches, such as 
rating all surface water systems vulnerable. The Nevada approach was more 
conservative, and considered factors such as time of travel, existing water 
quality, PBE, and risk ranking.
2.2. Las Vegas Valley Watershed 
The Las Vegas Valley watershed is located in Clark County, Nevada, and has 
an area of approximately 1,520 square miles. It is composed of several washes 
and storm channels that drain to the Las Vegas Wash, and then to Lake Mead. 
The watershed is divided into eight subwatersheds: North Basin, Range Wash, 
Gowan Wash, Central Basin, Flamingo/Tropicana Wash, Duck Creek, Pittman 
Wash/Cl Channel, and Lower Las Vegas Wash (see Figure 2-1).
The Las Vegas Metropolitan area is the fastest growing large urban area in 
the United States. Between 1990 and 2000, the population grew from 853,000 to 
1.56 million people, the highest growth rate of all western cities, expanding 83.3 
percent (Farrington, 2003).
The Las Vegas region is characterized by high temperatures during the 
summer with fairly low humidity values (11 to 34%). It is considered a desert, and 
has an average yearly rainfall of 4.16 inches (WRCC, 2002).
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Subwatersheds in the Las Vegas Valley
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Figure 2-1 Subwatersheds in the Las Vegas Valley Watershed
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The Las Vegas Valley is susceptible to serious floods because of its 
topographic conditions, soil characteristics, desert rainfall variability, and 
urbanization. To control these floods, the Clark County Flood Control District 
relies on storm water channels, and has planned the construction of 125 
detention basins throughout the Valley (GISMO, 2004). These detention basins 
are scheduled to be constructed in a 10 year period (Ten-Year Program). The 
construction status, as of January 2004, of these detention basins is as follows:
• 61 are constructed
• 9 are under construction
• 13 are included in the first five years of the Ten-Year Program
• 4 are included in the second five years of the Ten-Year Program
• 38 are proposed facilities, and are not planned to be built in the next ten 
years
2.2.1 Soil Types
The Soil Conservation Service classifies the soils based on their infiltration 
rates, from high (soil A) to low (soil D). (Maidment, 1993). According to the 
United States Department of Agriculture (USDA, 1985), approximately 58% of 
the Las Vegas Watershed is covered by the hydrologie soil group D. Thus, a 
large portion of the watershed has a very low infiltration rate and very high 
potential for runoff. The soil characteristics in the valley are important in the 
determination of the ability of the watershed to prevent contaminants to migrate 
downstream. The spatial distribution of the hydrologie soil groups in the 
watershed is presented in Figure 2-2.
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Figure 2-2 Hydrologie Soil Groups in the Las Vegas Valley Watershed
(Reginato, 2002).
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2.2.2 Land Uses
A database containing parcel information on land uses in the Las Vegas 
Valley is available through the Clark County CIS Management Office (GISMO, 
2003). Reginato (2002) combined this database with the parcel shapefile also 
provided by the Clark County GISMO, to obtain a map displaying the land use for 
each parcel.
Since there were approximately 70 different land use codes, they were 
combined in seven general categories: Commercial, industrial, parks and golf 
courses, public land, residential, roads, and undeveloped. Table 2-2 summarizes 
the area for each of the categories. Figure 2-3 is a map displaying the land uses 
throughout the valley.
Table 2-2 Summary of the land use categories in the Las Vegas Valley 
watershed (Piechota et. al, 2003).
Land Use
Area
mi^
Percentage of 
watershed area (%)
Undeveloped 1267 85.0
Roads and Highways 71 4.0
Commercial 27 1.5
Industrial 16 1.0
Residential 107 5.7
Park/Golf Courses 17 1.1
Public Land 18 1.1
Although approximately 85% of the Las Vegas Valley is undeveloped, the 
area of concern in this study is highly developed (Figure 2-3 ).
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Figure 2-3 Land Uses for the different parcels in the Las Vegas Valley 
(Reginato, 2002)
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2.2.3 Drinking Water Sources for Southern Nevada 
Approximately 88% of our current water supply is derived from the Colorado 
River (SNWA, 2004). The Colorado River is the main source of water for the 
Southwest United States. Therefore, it plays a major role in the development of 
the region. The Colorado River Basin waters are divided according to “The Law 
of the River” , which consists of a set of interstate compacts, international treaties, 
statutes, and regulations (MacDonnell et al., 1995). Nevada’s apportionment of 
the Colorado River is 0.3 million acre feet per year (mafy) (CRWUA, 2002). The 
drinking water intake is located at Saddle Island, in Lake Mead (see Figure 2-4) 
and is currently located 150 feet below the water surface (SNWA, 2004).
VIRGIN
RIVERMUDDY
RIVER
BOULDER BASIN
Saddle Island
Boulder Basin
NEVADA
0 3.5 7 14 21
COLORADO
RIVER
Gregg Basin
ARIZONA
Figure 2-4 Las Vegas Drinking Water Intake
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The Las Vegas Wash strongly influences the raw water quality at Saddle 
Island (Piechota et. al., 2003). Therefore, contamination coming from the Las 
Vegas Valley could compromise the water quality for thousands of residents in 
southern Nevada. The other 12% of our water comes from ground water that is 
pumped out through wells.
2.2.4 Water Quality Studies for the Intake
The three municipal wastewater treatment plants (WWTP) are responsible for 
about 90% of the flow in the Las Vegas Wash. All three WWTP treat wastewater 
to the tertiary level (Piechota et. al., 2003). The remainder of the flow is 
contributed by surface runoff and groundwater infiltration.
There are various reports on water quality problems caused by the Las Vegas 
wash in Boulder Basin (Sartoris and Hoffman, 1971; Deacon, 1976; Baker et. al., 
1977; Baker and Paulson, 1980; Dan Szumski and Associates, 1991; Roline and 
Sartoris, 1996). Unusual algal blooms were reported in 1993, 1996, and 2001, 
caused by the high concentrations of nutrients (phosphorous and nitrogen) in the 
Las Vegas Bay. Even though these blooms were not toxic, there is concern that 
they might transition to toxic forms of algae (Piechota et al., 2003).
Organic, inorganic, and microbiological contaminants have also been found in 
the Las Vegas Bay. For example, more than 48 inorganic compounds were found 
by Covay and Beck (2001) in the Las Vegas Bay (Piechota et al., 2003).
The quality of the raw water at the intake was analyzed to help in the 
determination of the vulnerability levels for the contaminant categories. This 
analysis is detailed in Chapter 3.
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2.3. SWAP for Soutfiern Nevada (Work of Reginato, 2002)
Tfie SWAP for Nevada states that the watershed upstream of the drinking 
water intake point should be identified and divided into two protection zones (A 
and B). They also set minimum sizes for those zones. Zone A is a buffer zone of 
at least 500 feet around water bodies, and Zone B extends another 3000 feet 
from the limits of Zone A. Both zones must extend at least 10 miles upstream 
from the intake. Potential sources of contamination should be inventoried within 
Zone A(BHPS, 1999).
Using GIS, 10 miles upstream of the water intake at Lake Mead was located 
along the Las Vegas Wash underneath Lake Las Vegas, not extending into the 
urban areas of Las Vegas (Reginato, 2002). Consequently, the protection zones 
were extended further upstream in the storm channels until the limits of dry 
weather flow. To determine the extent of these dry weather flows, the storm 
channels were surveyed during the spring, summer, and fall of 2001 to determine 
which ones had dry weather flows. The extent of dry weather flows are shown in 
Figure 2-5 a, b, c, and d.
The extent of dry weather flow does not significantly change for the different 
seasons, indicating that the flows are relatively constant throughout the year. The 
maps were overlapped to create the source water protection zones.
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Figure 2-5a and 2-5 b Extent of dry weather flows in the Las Vegas Valley for 
(a) spring 2001 and (b) summer 2001 (Reginato, 2002).
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Figure 2-5c and 2-5d Extent of dry weather flows in the Las Vegas Valley for 
(c) fall of 2001 and (d) summer 2002 (Reginato, 2002).
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Once the extent of dry weather flow was identified, the ArcView GIS Buffer 
Wizard Tool was used to delineate the protection zones A and B (Reginato,
2002). See Figure 2-6. The protection zones include alluvium soils and urban 
areas, and cover a large area (79 mi^) of the Las Vegas Valley (Reginato, 2002). 
After the protection areas were identified, the next step was to inventory the 
potential contaminating activities. The methodology used for that effort is 
discussed in Chapter 3.
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Figure 2-6 Source Water Protection Zones A and B for the Las Vegas 
Valley Surface Waters (Based on Reginato, 2002).
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2.4. SWAP Tools 
Some states have developed tools to help with the source water assessment. 
In California, a tool called Turbo SWAP was used to assist in the preparation of 
source water assessment reports. The University of California, Davis, developed 
this tool to perform all the SWAP calculations and generate final reports 
(California Department of Health Services, 2004). The software was designed in 
Visual Fox Pro, and includes a user friendly interface to guide the user through 
the SWAP process, as well as a function that enables the submission of the 
report to a centralized database.
Texas stated in their SWAP document approved by EPA that software must 
be developed to perform the assessment. This software would have a graphical 
user interface, and would help the user in applying decision rules for determining 
the water intake vulnerability (USGS, 2004). At this point, the software is not yet 
available through their website.
Utah (Utah State University, 2004) developed a tool that uses geographical 
information system (GIS) such as digital elevation model (DEM) information to 
assist in the assessment of the susceptibility of surface water sources. The 
model estimates the pollutant concentration reaching the drinking water intake 
and the time of travel. Outputs to the model include the pollutant transport path 
and concentration changes due to dilution, volatilization, and degradation.
The model developed as part of this thesis for the SWAP calculations in 
Nevada, which can be applied to other areas, is presented in Chapter 4.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 3
SWAP FCR SURFACE WATERS IN THE LAS VEGAS VALLEY
3.1. Introduction 
The contaminants evaluated in the SWAP are divided into five categories: 
VCCs (volatile organic compounds), SCCs (synthetic organic compounds), ICCs 
(inorganic compounds), microbiological compounds and radionuclides. The 
overall vulnerability of the intake to each of these contaminant categories was 
determined. The methodology used in that determination and the results 
obtained are presented in this chapter.
3.2. Inventory of the Potential Sources of Contamination 
Cnee the source water protection areas were identified (see section 2.3 and 
Figure 2-8), fieldwork was conducted to identify the potential sources of 
contamination within protection zone A. The contaminant sources of concern 
were determined by the Nevada BHPS and are shown in Table 3-1. The 
categories are: A=VCC, B=SCC, C=ICC, D=microbiological, and 
E=radionuclldes.
24
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Table 3-1 Contaminants of Concern in the Nevada SWAP (BHPS, 1999).
Code Contaminant Category RiskRanking
Code Contaminant Category
Risk
Ranking
1 Animal burial areas C ,D High 29 Medical institutions D Low
2 Animai feediots B,C,D High 30 Research laboratories A,B,C,D High
3 Chemical application B,C
High 31 Aboveground storage tanks A High
4
Chemical mixing and 
storage areas
A,B,C High 32 Underground storage tanks A High
5 Irrigated fields
B Moderate 33 Public storage A Low
34 Radioactive materials High
Irrigation ditches C High storage
6 Manure spreading and pits A,C Moderate 35 Dumps and landfills A,B,C,D,E High
7 Unsealed irrigation wells A,C High 36 Municipal incinerators B,C,D Moderate
8
Chemical manufacturers, 
warehousing / distribution 
activities
A,B,C High 37
Recycling and reduction 
facilities
C High
9
Eiectroplaters and 
fabricators
C High 38 Scrap and junkyards A,C High
10
Electrical products and 
manufacturing
C High 39
Septage lagoons, 
wastewater treatment 
plants
B,C,D High
11 Machine & metalworking 
shops
A High 40 Sewer transfer stations B,C,D High
12 Manufacturing sites 
Petroleum products
A,B,C High 41 Airports A High
13 production, storage & 
distribution center
A High 42 Asphalt plants A High
14
Dry cleaning 
establishments
A High 43 Boatyards / Marinas A High
15
Furniture & wood stripper 
& refinishers
A High 44 Cemeteries D Moderate
16 Jewelry & metal plating C High 45 Construction areas A Moderate
17 Laundromats Low 46 Dry wells A,D High
18 Paints hops A High 47 Fuel storage systems A High
19
Photography
establishments & printers
48
Golf courses, parks and 
nurseries
B,C High
20 Auto repair shops A High 49 Mining A,C High
21 Car washes A,C,D Moderate 50 Pipelines A High
22 Gas stations
Road deicing operations:
A High 51
Railroad tracks, yards and
maintenance
Surface water
A,B,C,D High
23 storage & application 
areas
C Moderate 52 impoundments, streams / 
ditches
D High
24 Road maintenance depots A,C High 53
Stormwater drains and 
detention basins
A,B,C,D High
25
Household hazardous 
roducts
A,B,C Moderate 54 Unplugged abandoned well A,B,C,D High
26 Private wells A,B,C,D Moderate 55 W ell operating High-Low
27 Septic systems, cesspools B,C,D High 56 Others
28 Educational institutions B,C Moderate
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3.2.1 Acquisition of PCAs
3.2.1.1 Field Data 
The inventory of the potential contamination activities (PCAs) was performed 
through field work. A Global Positioning System (GPS) Trimble Geoexplorer 3 
was used to mark the exact location of each contamination source. The 
information collected in the field included geographic coordinates, date, facility 
description and address, contaminant code, and pictures. The information 
obtained in the field was then downloaded to a computer and differential 
correction was executed for the coordinates obtained with the GPS. Finally, a 
database table and a shapefile containing all the results from the field work were 
created.
3.2.1.2 Septic Tanks 
In addition to the information gathered in the field, a GIS coverage containing 
the location of the septic systems in the valley was obtained from the Clark 
County GIS Management Office (GISMO, 2003) database. The data is provided 
as polygons. Figure 3-1 shows the polygons representing the septic systems in 
Duck Creek watershed. The XTools Pro 1.0.1 ArcScript was then downloaded 
from the ESRI Support Center website (ESRI) to convert the septics polygons 
into its centroids. The output was a point shapefile representing the polygon 
centroids (Figure 3-2, for example).
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Figure 3-1 Example of polygons representing the septic systems along 
Duck Creek and Zone A.
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Figure 3-2 Example of centroid points representing the septic systems 
along Duck Creek and Zone A.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
ArcView GIS GeoProcessing Wizard Tool was then used to clip this shapefile, 
excluding all the points that were outside the protection area. The XTools 
Prol .0.1 ArcScript Table Operations command was then used to obtain the 
geographic coordinates for each centroid point.
3.2.1.3 NPDES Permits 
A list of the National Pollutant Discharge Elimination System (NPDES) 
permits in the protection area was also obtained from the State of Nevada, 
Division of Environmental Protection. Copies of the permits were obtained and 
used to summarize the different activities.
Finally, activities that are not listed in Table 3-1, such as restaurants, 
shopping centers, and residential areas were identified in the field. The typical 
field data sheet can be seen in Appendix A.
3.2.2 Inventory Results 
A total of 320 PCAs were catalogued. Of those, 189 were identified in the 
field, 122 are septic tanks identified from GIS, and 9 are NPDES permits. Figure 
3-3 summarizes the location of the 321 PCAs, as well as the sources not listed 
by the BHPS, 1999. Table 3-2 shows a summary of the different sources of 
contamination identified. The most common were the septic systems (122 within 
Zone A), followed by medical institutions (49 within Zone A).
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Figure 3-3 Location of PCAs and Other Sources.
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Table 3-2 Summary of potential sources of contamination within Zone 
A identified during the inventory phase.
Number of Number of
sites within sites within
buffer zone Code Contaminant butter zone Code Contaminant
122 27 Septic Systems, cesspools 6 45 Construction areas
49 29 Medical Institutions 5 43 Boat yards / Marinas
40 20 Auto Repair Shops 4 17 Laundromats
19 22 Gas Stations 4 19 Photography establishments 
& printers
10 14 Dry Cleaning Establishments 4 28 Educational Institutions
10 21 Car Washes 3 8 Chemical manufacturers / 
warehouse / distrbution 
activities
10 33 Public storage 3 30 Research laboratories
10 48 Golf courses, parks & nurseries 2 11 Machine and metalworking 
shops
8 39 Septage Lagoons, Wastewater 
Treatment Plants
1 15 Furniture & wood stripper 
refinishers
8 53 Stormwater drains & retention
basins 1
1
40
56
Sewer Transfer Stations 
Other
The majority of the 122 septic tanks within protection zone A are located in 
Duck Creek (Figure 3-4). Figure 3-4 also displays septic tanks within Zone B. 
Even though these septics are not located in Zone A, they could impact the 
drinking water intake, because of their proximity to the creek, which has 
sustained dry weather flow.
In February 2003 there were nine (9) NPDES permits in the protection areas. 
Three of them represent effluent discharges from wastewater treatment plants. 
The NPDES permits are summarized in Table 3-3 and their locations are shown 
in Figure 3-5.
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Figure 3-4 Location of the Septic Systems within the Protection Area.
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In addition to the wastewater discharge, they include treated and untreated 
groundwater discharges, cooling water and storm runoff discharges, and 
stormwater discharges. The contaminant categories are the same used for the 
field work: A=VOC, B=SOC, C=IOC, D=microbiological, and E=radionuclides.
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Figure 3-5 Location of the NPDES Permits within the Source Water 
Protection Area.
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Table 3-3 NPDES Permits within the Source Water Protection Area
Permit # Permit Holder
Flow
- Contaminant 
CategoryDaily
Maximum
7 Days 
Average
30 Days 
Average
NV0023213 Kinder Morgan Energy Partners 10 gpm N/A N/A A, B, C, MTBE
NV0022870 7-Eleven, Incorporated 10 gpm N/A N/A A, B, MTBE
NV0022781 Arcadium Management Inc. N/A N/A 0.2 mgd C
NV0022837 Circle K Stores Inc. 30 qpm N/A 30 gpm A, B, C, MTBE
NV0023060 Kerr-McGee Cfiemical, LLC N/A 1.4 mgd 1.22 mgd C, E, Perctilorate
NV0020133 City of Las Vegas N/A N/A 91 mgd B, C, D
NV0022098 City of Henderson N/A N/A 42.5 mgd B, C, D
NV0021261 Clark County Sanitation District N/A N/A 110 mgd B, C, D
NV0023078 7-Eleven, Inc. 20 gpm N/A 10 gpm A, B,C, MTBE
3.3. Intake Vulnerability 
The drinking water intake vulnerability to each PCA was determined based on 
four factors: The time of travel (TOT), the physical barrier effectiveness (PBE), 
the existing local water quality, and the source risk potential. The vulnerability 
was assigned for all the contaminant categories (VOC, SOC, IOC, 
microbiological, and radionuclides) associated with the potential source. To 
compute the vulnerability, the following equation was used:
Vulnerability = TOT +  PBE + Water Quality + Risk Potential (3-1)
Each factor analyzed was assigned a score for each source, independent of 
the load from the individual source. The methodology for assigning these values 
is presented in the following sections.
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3.3.1 Time of Travel 
Thie time of travel (TOT) represents the time it would take a contaminant to 
reach the intake in the case of a spill. In the Las Vegas Valley, the entire area 
drains to the Las Vegas Wash, and then to the drinking water intake, through 
Lake Mead. The time of travel from the end of Las Vegas Wash to the intake is 
unclear, and depends on the contaminant of concern (Piechota et. al, 2003). The 
water velocity from the Las Vegas Wash into Lake Mead, at a depth of 100 feet, 
is approximately 0.1 ft/sec (Sartoris and Hoffman 1971). Based on that, it would 
take a contaminant about 3 to 4 days to travel the 6-7 miles that separate the end 
of the Las Vegas Wash from the intake. Since this is a rough estimate, the 
calculations of TOT in this thesis were made from the PCA location to the end of 
the Las Vegas Wash.
3.3.1.1 Distance to the Intake 
The distance of each PCA to the drinking water intake was measured in GIS. 
Although the distance was not directly used to determine the vulnerability of the 
intake, it was combined with the velocity of the water in the channels to 
determine the time of travel. Even though the distance presented here is to the 
drinking water intake, in the TOT calculation, the distance considered was from 
the PCA location to the end of the Las Vegas Wash. The distance of each PCA 
location to the drinking water intake is shown in Figure 3-6 and summarized in 
Figures 3-7 and 3-8. The complete list of distance for each PCA is shown in 
Appendix B.
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Figure 3-6 Distance of each PCA to the Drinking Water Intake.
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Figure 3-7 Number of PCAs based on distance from the Intake.
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Figure 3-8 Types of PCAs within 20 Miles from the Intake.
The majority of the PCAs (315) are closer than 30 miles from the intake. 
Approximately 5% (16 PCAs) are closer than 15 miles, and 8 PCAs are closer 
than 10 miles from the intake. The most common source of contamination within 
20 miles from the intake are the septic systems (53), followed by the medical 
institutions (8). This is consistent with the results for the entire area, where the 
most common sources were also the septics, followed by the medical institutions.
3.3.1.2 Velocity of the Water in the Storm Channels 
The velocity of the water in the storm channels was measured in the field. 
Wherever possible, a “Global Water -  FP 201” flow meter was used to obtain the 
velocity. In the places where the flow meter could not be used a floating piece of 
debris was used. The velocity was estimated by measuring the time it took the 
floating piece of debris to travel a certain distance (approximately 9 ft). The
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average water velocity in the Las Vegas Wash was assumed to be 3ft/sec, based 
on studies by Baker et al, (1977) and field studies by UNLV (Piechota et. al,
2003). These studies were performed before the construction of erosion control 
structures and improvements to the Las Vegas Wash.
Erosion is one of the most important issues that currently affect the Wash and 
approximately 20 erosion control facilities are planned for the Las Vegas Wash. 
These erosion control structures help slow the water by creating a pond behind 
the structures. As of December 2002, six structures were in place, one was 
under construction, and three were in the planning phase (Las Vegas Wash 
Coordination Committee, 2004). The approach adopted here is therefore 
conservative, as it is considering that no structures are in place. Once all the 
structures are constructed, the velocity will likely be smaller.
Figure 3-9 displays the velocities in the different storm channels. The velocity 
of the water was the lowest at parts of Duck Creek, Flamingo Wash, and the 
upstream portions of the Las Vegas Wash. The highest velocities were found at 
the downstream portion of the Las Vegas Wash and at the Tropicana Wash.
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Figure 3-9 Velocity of the Water in the Storm Channels in the Las 
Vegas Valley.
3.3.1.3 Time of Travel 
The velocity of each channel reach was then divided by its length to calculate 
the time of travel in each reach. For each PGA, their distance from the end of the 
reach was measured, and divided by the velocity in that reach. This value was 
added to the TOT of each of the downstream reaches, to find the TOT of the 
PGA to the end of the Las Vegas Wash. An example calculation is shown for 
PGA #24 (Figure 3-10).
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Figure 3-10 Channel Reaches Used in the Time of Travel Calculations.
PCA #24 is a dry cleaning facility, and is located 5915 feet from the end of 
reach number 13. To determine how long it would take this contaminant to reach 
the end of Las Vegas Wash, the following equation was used:
TOT for PCA24 = TOT in reach 1 4- TOT in reach 12 + TOT from PCA24 to 
end of reach 13
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Calculation of TOT in Reach 1 :
Velocity = 3 ft /  s 
Length = 61,236 ft
TOT = Length = 20,412 s = 5.67 h 
Velocity
Calculation of TOT in Reach 12: 
Velocity = 0.33 f t / s  
Length = 14,380 ft
TOT = Length = 43,576 s = 12.10 h 
Velocity
Calculation of TOT from PCA24 to the end of Reach 13:
Velocity = 2.65 ft / s
Length = 5,915 ft
TOT = Length = 2,232 s = 0.62 h 
Velocity
Therefore,
TOT for PCA24 = 5.67 h + 12.10 h + 0.62 h
TOT for PCA24 = 18.4 h
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The results for all PCAs are summarized in Figures 3-11 to 3-13. The 
complete list of time of travel for each PCA is shown in Appendix B.
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Figure 3-11 Number of PCAs Based on their Time of Travel to the end of 
the Las Vegas Wash.
Types of PCAs w ith TO T Less than 12 H ours
/ Type
Figure 3-12 Types of PCAs within Less than 12 Hours from the end of 
the Las Vegas Wash.
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3.3.1.4 Time of Travel Values
The values assigned for the different ranges of TOT, for the calculation of the 
intake vulnerability (equation 3-1) were as follows:
• 0 to 6 hours = 9
• 6 to 12 hours = 7
• 12 to 18 hours = 5
• 18 to 24 hours = 3
• > 24 hours = 1
Longer time of travel values receive a smaller vulnerability score, because 
there is a smaller chance of the contaminant reaching the intake, since it could 
be adsorbed, or biodegraded along the way. Similarly, a very small TOT will 
receive a very high vulnerability score, since it means that the time available for a 
response is very limited.
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Figure 3-13 TOT of Each PCA to the end of Las Vegas Wash.
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3.3.2 Physical Barrier Effectiveness (PBE)
The Physical Barrier Effectiveness (PBE) represents the watershed capacity 
to prevent contamination from reaching the water intake. It Is based on the 
physical characteristics of the watershed, such as vegetation, topography, soil 
types, and others.
The guidelines for determining the PBE were supplied by the California 
Department of Health Services (CDHS, 1999). They provided a questionnaire 
about the watershed characteristics to determine the PBE level (low, moderate or 
high). The full answered questionnaire, as well as the rules for assigning the PBE 
level are shown next:
Physical Barrier Effectiveness (PBE) Form
(from Piechota et al., 2003)
1. Is the source an impounded reservoir or a direct stream intake?
a. Reservoir
b. Stream intake
c. ether, describe:
2. Source characteristics
a. Area of tributary watershed: 1520 mi^
b. Are the primary tributaries seasonal, perennial or both? Perennial
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3. What is the approximate travel time to the intake for water at farthest 
reaches of the water body?
a. S o u rc e  is  d ire c t intake, no impounded water body
b. Less than 30 days
c. More than 30 days and less than 1 year
d. More than 1 year
4. What is the general topography of the watershed?
a. Flat terrain (<10% slopes)
b. Hilly (10 to 30% slopes)
c. Mountainous (>30% slopes)
d. Not sure
5. What is the general geology of the watershed?
a. Materials prone to landslide
b. Materials not prone to landslide
c. Not sure
6. What general soil types are on the watershed?
a. Rock
b. Loams, sands 
0 . Clay
d. Not sure
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7. What type of vegetation covers most of the watershed?
a. Grasses
b. Low growing plants and shrubs
c. Trees
d. Not sure
8. What is the mean seasonal precipitation on the watershed?
a. More than 40 inches/year
b. 10 to 40 inches/year
c. Less than 10 inches/vear
d. Not sure
9. Is there significant ground water recharge to the water body?
a. Yes
b. No
c. Not sure
The decision rules state that an area with any of the parameters listed below 
would be considered to have less effective physical barrier properties:
• 3a (direct intake, no impounded water body)
• 4c or 4d (topography mountainous or not sure)
• 5a or 5c (materials prone to landslide)
• 7c or 7d (trees)
• 8a or 8d (precipitation higher than 40 in/yr)
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• 9a (ground water recharge)
A source would need to have all of the parameters listed below to be 
considered to have highly effective physical barrier properties
• 3d (TOT > lyear)
• 4a (slopes < 10 %)
• 5b (materials not prone to landslide)
• 7a (grasses)
• 8c (precipitation less than 10 in/yr)
• 9b ( no ground water recharge)
All other sources are considered to have moderate physical barrier 
effectiveness (PBE).
3.3.2.1 PBE Values
The values assigned for the PBE in the calculation of the intake vulnerability 
were as follows:
• Low = 5
• Moderate = 3
• High = 1
Note that a low PBE value means that the watershed has little or no capacity 
to act as a barrier preventing downstream migration of contaminants. Therefore, 
it receives the highest value in the vulnerability calculation.
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3.3.2.2 PBE in the Las Vegas Watershed 
The PBE for the Las Vegas Valley watershed was assigned to be low, mainly 
because of question 9. Since there is ground water recharge to the Las Vegas 
Wash and many of its tributaries, the PBE had to be assigned “low” for the area, 
receiving a score of 5. Note that this score represents a characteristic of the 
entire area, and therefore will be constant for all the PCAs within the protection 
area.
3.3.3 Existing Water Quality 
The BHPS (1999) determined that water quality data for the area should be 
analyzed, to evaluate if there were any changing trends. All contaminants 
regulated under the Safe Drinking Water Act (SDWA), plus perchlorate and 
MTBE should be analyzed (Piechota et al., 2003). The Southern Nevada Water 
System (SNWS) provided water quality data for the period of 1999 to 2002. For 
the raw water at Saddle Island (drinking water intake), a historical water quality 
dataset was not available for the period before 1999 in a format that could be 
easily compiled. Therefore, the 1999-2002 data were used to help determine the 
vulnerability of the intake to the different contaminant categories.
3.3.3.1 Existing Water Quality Values 
Although maximum contaminant levels (MCLs) are normally used to evaluate 
treated water, they were used in the Las Vegas SWAP to determine the 
vulnerability ranking for the existing raw water quality (Piechota et al., 2003). The 
presence of a certain contaminant in a level above the MCL meant that the 
category received a high vulnerability score. The values assigned for the existing 
water quality in the calculation of the intake vulnerability were based on the
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concentrations of contaminants in the raw water at the intake. They were as 
follows:
• Low = 0
• High = 5
Note that a Low existing water quality rating means that contaminants were 
not found at the raw water at the intake, or were found in very small 
concentrations (lower than the MCL). Therefore, it represents a higher water 
quality, and is assigned vulnerability score of 0. On the other hand, if 
contaminants were found at the raw intake water, a high vulnerability rank is 
assigned, portraying a lower existing water quality at the location. The MCLs 
for the contaminants analyzed can be seen in Appendix C.
3.3.3.2 Organic Compounds (VOCs and SOCs)
The VOCs (volatile organic compounds) are analyzed monthly for the raw 
water at the Southern Nevada Water System (SNWS) intake. Analyses are 
performed for 22 different types of VOCs. Data were available for the period from 
07/2000 to 10/2002.
The SOCs (synthetic organic compounds) are analyzed for 33 parameters 
with Irregular frequency. There was data available for the period from 12/2000 to 
09/2002. The complete list of parameters, as well as the frequency of sampling 
can be seen in Appendix D.
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The concentration of all the parameters analyzed for were below the drinking 
water limits. Therefore, both VOCs and SOCs were assigned a LOW existing 
water quality ranking, receiving a vulnerability score of zero.
3.3.3.S Inorganic Compounds (lOCs)
The 46 lOCs (inorganic compounds), including perchlorate are analyzed 
monthly in the raw water at the intake. The yearly averages and standard 
deviations for these parameters are shown in Table 3-4 and 3-5. A seasonal 
variation analysis was performed for the inorganic compounds, and is shown in 
Appendix E.
The concentrations of all the IOC parameters were below the drinking water 
limits, except for perchlorate. Even though there is no federal limit for 
perchlorate, the USEPA suggests an MCL of 1 part per billion (ppb) (Piechota et 
al., 2003). Since the current perchlorate levels at the intake are higher than 1 
ppb, lOCs were assigned a HIGH vulnerability level, receiving a score of 5. 
Perchlorate in ground water is currently being cleaned up, and its concentration 
levels are expected to decrease (Piechota et al. 2003). Figure 3-14 shows the 
perchlorate levels at the intake. Since 1999 there has been a decline in 
perchlorate levels from approximately 15 ppb to below 10 ppb.
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Table 3-4 Inorganic Compounds in the raw water at the SNWS Intake.
Constituent Unit 1999 2000 2001 2002
Temperature Deg. C 15.18 ± 1.13 15.52 + 1.15 14.33 ± 1.49 13.25 ± 1.19
Odor T.O.N. 1.20 ± 0.23 2.05 ± 0.87 1.45 ± 0.57 1.43 ± 0.32
pH 8.20 ± 0.06 8.01 ± 0.20 8.02 ± 0.19 8.18 ± 0.06
Color 11.75 ± 8.96 4.58 ± 2.47 4.33 ± 2.64 4.17 ± 2.04
Turbidity mg/L 1.45 ± 2.11 0.34 ± 0.14 0.37 ± 0.18 0.37 ± 0.14
Hardness (as CaCOy mg/L 285.75 ± 4.57 291.25 ± 7.63 287.00 ± 20.70 283.50 ± 8.96
Conductivity us/cm 905.00 ± 18.04 902.77 ± 22.88 904.00 ± 32.99 929.00 ± 9.38
Alkalinity, Bicarbonate mg/L 132.06 ± 3.72 133.37 ± 3.25 135.52 ± 2.76 145.83 ± 19.88
Calcium mg/L 72.08 ± 1.56 73.80 ± 2.01 69.61 ± 4.60 70.10 ± 1.66
Chloride mg/L 66.70 ± 3.14 64.63 ± 3.45 70.59 ± 9.07 74.62 ± 2.11
Bromide mg/L 0.0975 ± 0.0050 0.0608 ± 0.0124 0.3303 ± 0.6203 0.0855 ± 0.0145
Fluoride mg/L 0.2349 ± 0.0671 0.3155 ± 0.1737 0.3280 ± 0.0233 0.3323 ± 0.0266
NOg-N mg/L 0.4275 ± 0.0126 0.3975 ± 0.0580 0.4822 ± 0.1783 0.4205 ± 0.0194
NÜ2-N mg/L 0.0400 ± 0.0453 0.0500 ± 0.0000 0.1773 ± 0.3044 0.0583 ± 0.0204
Ortho Phosphate mg/L 0.0533 ± 0.0451 0.0500 ± 1. IE-09 0.0500 ± 6.6E-10
Perchlorate ppb ± 11.97 ± 3.45 8.25 ± 1.20
Sulfate mg/L 222.89 ± 10.47 216.68 ± 10.27 222.51 ± 18.15 223.07 ± 5.81
TDS mg/L 594.25 ± 15.67 599.17 ± 25.54 605.92 ± 17.58 610.00 ± 18.51
TOC mg/L ± 2.6820 ± 0.1669 2.8868 ± 0.2768 2.7690 ± 0.1293
Methylene Blue Activated mg/L 0.0300 ± 0.0173 0.0253 ± 0.0175 0.0200 ± 4.9E-10 0.0233 ± 0.0082
Perchlorate
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Figure 3-14 Yearly and Seasonal Variation of Perchlorate Levels at the 
Drinking Water Intake.
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Table 3-5 Metals in the raw water at the SNWS Intake
Constituent Unit 1999 2000 2001 2002
Aluminum mg/L 0.0103 ± 0.0098 0.0325 ± 0.0260 0.0540 ± 0.0943 0.0050 ± 0.00002
Antimony mg/L 0.0010 ± 0 0.0010 ± 0 0.0027 ± 0.0020 0.0010 ± 0
Arsenic mg/L 0.0051 ± 0.0028 0.0032 ± 0.0005 0.0035 ± 0.0019 0.0032 ± 0.0002
Barium mg/L 0.2950 ± 0.2367 0.0952 ± 0.0063 0.1425 + 0.1160 0.3659 ± 0.2077
Beryllium mg/L 0.0010 ± 0.0000 0.0011 ± 0.0003 0.0020 ± 0.0016 0.0020 ± 0.0000
Cadmium mg/L 0.0005 ± 0 0.0005 ± 0 0.0023 ± 0.0020 0.0007 ± 0.0003
Chromium mg/L 0.0043 ± 0.0030 0.0052 ± 0.0030 0.0028 ± 0.0019 0.0027 ± 0.0012
Copper mg/L 0.0510 0.0566 0.0020 ± 0.0001 0.0044 ± 0.0012 0.0058 ± 0.0020
Cyanide mg/L 0.0200 ± 4.2E-10 0.0383 ± 0.0635 0.0200 ± 0
Iron mg/L 0.0920 ± 0.1402 0.0729 ± 0.0415 0.2250 ± 0.2148 0.0500 ± 8.3E-10
Lead mg/L 0.0013 ± 0.0009 0.0005 ± 0 0.0027 ± 0.0019 0.0020 ± 0
Magnesium mg/L 25.70 ± 0.66 25.99 0.98 27.50 ± 2.47 26.35 ± 1.60
Manganese mg/L 0.0032 ± 0.0024 0.0033 ± 0.0043 0.0039 ± 0.0015 0.0045 0.0012
Mercury mg/L 0.0008 ± 0.0004 0.0004 ± 0.0005 0.0008 ± 0.0009 0.0017 ± 0.0005
Nickel mg/L 0.0050 ± 0 0.0050 ± 1.2E-10 0.0040 ± 0.0016 0.0050 ± 0
Potassium mg/L 4.25 ± 0.24 4.37 ± 0.54 4.24 ± 0.56 4.49 ± 0.33
Selenium mg/L 0.0035 ± 0.0018 0.0050 ± 1.2E-10 0.0035 ± 0.0017 0.0027 ± 0.0019
Silica mg/L 10.13 ± 1.91 9.31 ± 0.24 8.94 ± 2.22 8.97 ± 0.39
Silver mg/L 0.0253 ± 0.0286 0.0005 ± 0 0.0067 ± 0.0138 0.0400 ± 0.0155
Sodium mg/L 78.95 ± 1.42 77.29 + 4.23 76.62 ± 5.75 80.35 ± 1.72
Thallium mg/L 0.0015 ± 0.0006 0.0010 ± 0 0.0015 ± 0.0005 0.0020 ± 0
Zinc mg/L 0.0525 ± 0.0548 0.0051 ± 0.0003 0.0410 ± 0.0561 0.1 ± 1.7E-09
Radium pCi/L 0.3050 ± 0.0976 0.9283 ± 0.1435
Uranium ug/L 3.9900 ± 0.1556 3.1225 ± 0.1150
3.S.3.4 Microbiological Compounds 
The microbiological data was available for 19 parameters. The viruses are 
monitored monthly, and the pathogens, coliforms, and E. C o li are analyzed 
weekly. The yearly averages and standard deviations for the microbiological 
parameters are shown in Table 3-6. When monitored, the viruses and pathogens 
are noted as present or absent. These results are presented in Appendix E. 
Enterovirus was present in 14%, M ic o b a c te r iu m  was present in 8%, A e ro m o n a s
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in 7%, C a m p y lo b a c te r  je ju n i in 24%, and v ib r io  c h o ie ra e  in 47% of the samples. 
All the other virus and bacteria were never detected at the intake.
Figure 3-15 shows the C ry p to s p o r id iu m  levels at the intake. Since there was 
a C ry p to s p o r id iu m  outbreak in 1994 (Piechota et al., 2003), and the fecal coliform 
and fecal streptococci levels measured were high, microbiological compounds 
were assigned a HIGH vulnerability level, receiving a score of 5.
Table 3-6 
Intake.
Microbiological Compounds in the raw water at the SNWS
Constituent Unit 1999 2000 2001 2002
Cryptosporidium 
Fecal Coliforms 
Fecal Streptococus 
Ecoli
#/100L
#/100L
#/100L
#/100L
9.8 ± 0.0 
0.02 ± 0.14 
0.06 ± 0.24
6.2 ± 2.8 
0.04 ± 0.20 
0.12 ± 0.43
9.5 ± 0.9 
0.24 ± 0.89 
1.20 ± 5.12
10.0 ± 0.0 
0.15 ± 0.38 
2.70 ± 6.27 
0.06 ± 0.25
Two of the treatment plants are implementing ozonation as the primary 
disinfectant and this will drastically reduce the risk of microbiological 
contamination (Piechota et al. 2003).
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Figure 3-15 Yearly and Seasonal Variation of Cryptosporidium Levels at 
the Drinking Water Intake.
3.3.3.5 Radionuclides
Figure 3-16 displays Radium and Gross Alpha levels at the intake:
GROSS ALPHA
1 0 /1 /0 0  1 2 /2 0 /0 0  3 /1 0 /0 1
RADIUM
006
I 2000 12/ 20 2000 r. 200 I 1 1 ’ S' 2001
Figure 3-16 Gross Alpha and Radium Levels at the Drinking Water 
Intake (Gross Alpha MCL = 15 pCI / L; Radium MCL = 5pCI / L)
Six types of radionuclides are analyzed quarterly at the SNWS intake. Data 
were available from 2000 to 2001. The levels encountered for the radiological 
parameters were significantly below the MCL. Therefore, radionuclides were 
assigned a LOW vulnerability level, receiving a score of 0.
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3.3.3.6 Summary of Existing Water Quality Vulnerability Scores
The following scores were assigned to the existing water quality for the five 
contaminant categories:
• Synthetic Organic Compounds (SOCs): LOW = 0
• Volatile Organic Compounds (VOCs): LOW = 0
• Inorganic Compounds (lOCs): HIGH = 5
• Microbiological Compounds: HIGH = 5
• Radionuclides: LOW = 0
3.3.4 Risk Potential
The risk potential represents the degree of hazard associated with each 
source. It was assigned by the Bureau of Health Protection Services (BHPS, 
1999).
The risk potential associated with each PCA can be seen in Table 3-1. The 
values assigned for the Risk potential in the calculation of the intake vulnerability 
were as follows:
• Low = 1
• Moderate = 3
• High = 5
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3.3.5 Vulnerability of the Intake to Each Source and Each Category
The vulnerability of the drinking water intake was determined using equation 
3-1:
Vulnerability = TOT+PBE+Water Quality+Risk Potential (3-1 )
The Physical Barrier Effectiveness (PBE) and the existing local water quality 
were constant for all the sources, since they depend on the local characteristics 
of the watershed and not on the individual source.
The maximum vulnerability score possible was 24, representing a source with 
low PBE (5), high existing water quality rating (5), high risk potential (5), and a 
TOT smaller than 6 hours (9). The minimum vulnerability score possible was 3, 
representing a source with high PBE (1), low existing water quality rating (0), low 
risk potential (1), and a TOT greater than 24 hours (1).
To determine the ranges for high, moderate, and low vulnerabilities, all the 
possible combinations of scores were evaluated. There were 90 possible score 
combinations. The upper 10% of the possible scores are values higher than 19, 
and the lower 10% of the possible scores are values less than 8. Therefore, the 
vulnerability ratings were assigned as follows:
• HIGH -  vulnerability score > 19
• LOW -  vulnerability score < 8
• MODERATE -  vulnerability score between 8 and 19
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The final vulnerability of the intake to each contamination source, as well as 
the points assigned to each factor for the five contaminant categories can be 
seen in Appendix F.
The vulnerability of the intake to each PCA is shown in Figures 3-17 to 3-26. 
For the VOC category, the majority (120) of the PCAs are moderate (Figure 3- 
18). The vulnerability was low for only one source, and no PCA was rated high 
vulnerability. For the SOC category, the intake vulnerability was rated moderate 
for all the PCAs (Figure 3-20). For the lOCs, the intake vulnerability was rated as 
high for the majority of the PCAs (123) (Figure 3-22). The vulnerability was 
moderate for 50 activities, and no PCA was rated low vulnerability. The most 
common PCAs in the IOC category with a vulnerability score greater than 19 
were the septic systems (97) (Figure 3-23).
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Figure 3-17 Vulnerability of the Drinking Water Intake to Each PCA 
(VOC)
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Figure 3-18 Number of PCAs (VOC) Based on their Vulnerability Ratings
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Figure 3-19 Vulnerability of the drinking water intake to each PCA (SOC).
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Figure 3-20 Number of PCAs (SOC) Based on their Vulnerability Ratings
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Figure 3-21 Vulnerability of the Drinking Water Intake to Each PCA 
(IOC).
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Figure 3-22 Number of PCAs (IOC) Based on their Vulnerability Ratings.
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Figure 3-23 Types of PCAs (IOC) With Vulnerability Rating Higher than
19.
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Figure 3-24 Vulnerability of the Drinking Water Intake to Each PCA 
(microbiological).
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Figure 3-25 Number of PCAs (microbiological) Based on their 
Vulnerability Ratings.
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Figure 3-26 Types of PCAs (microbiological) With Vulnerability Rating 
Higher than 19.
The intake vulnerability was rated as high for most part of the PCAs in the 
microbiological contaminants category (115) (Figure 3-25). The vulnerability was 
moderate for 81 PCAs, and no PCA was rated low vulnerability. The most 
common PCA with a vulnerability score greater than 19 in this category were the 
septic systems (97), followed by the stormwater drains and retention basins (8) 
(Figure 3-26). Finally, the radiological category had only one PCA, which 
received the score of 19 and a vulnerability rating of moderate.
3.3.6 Overall Vulnerability of the Intake for Each Contaminant Category 
Once the vulnerability to each individual PCA was determined, the overall 
vulnerability of the drinking water intake was established. For that, the sum of the
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vulnerability score for all the PCAs was divided by the number of PCAs in each 
category. This average score determined the final vulnerability rating for each 
category. Table 3-7 summarizes the intake vulnerability rating for each of the five 
contaminant categories:
Table 3-7 Overall Intake Vulnerability for Each Contaminant Category
Contaminant
Cateqory
Number 
of PCAs
Maximum
Score
Minimum
Score
Average
Score
Vulnerabiiity
Ratinq
VOCs 122 19 7 13 Moderate
SOCs 158 19 11 15 Moderate
lOCs 173 24 14 20 High
Microbiological 196 24 12 18 Moderate
Radiological 1 19 19 19 Moderate
The intake vulnerability was rated moderate for VOC contamination. There 
were 121 sources of VOCs, and their scores ranged from 7 to 19, averaging a 
vulnerability score of 13.
For the SOCs, the intake vulnerability was also rated moderate. The scores 
for the 158 possible sources varied from 11 to 19, with an average of 15.
The intake vulnerability was found to be high for IOC contamination. 173 
sources were found, and their average score was 20. That is mainly attributed to 
the water quality factor (rated high because of the presence of perchlorate).
Microbiological contamination was found to be a moderate source of intake 
vulnerability. The 196 sources had an average score of 18.
There was only one PCA found in the radiological category. Since it had a 
score of 19, the intake vulnerability was rated moderate. The complete list of 
PCAs in each contaminant category, their distance to the intake, and their scores
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for the four factors, as well as the individual vulnerability scores is presented in 
Appendix F.
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CHAPTER 4
SOURCE WATER ASSESSMENT TOOLS 
4.1. SWAP Model Using Stella 
All the SWAP calculations described in Chapter 3 were performed using 
Microsoft Excel. In addition, a generic model was developed to perform the 
calculations involved in the SWAP. The system dynamics model Stella was used 
to facilitate the development of this model, which was tested using the data 
obtained in the Nevada SWAP, and can be applied to any area. The advantage 
of using Stella to develop the model is that it has a user-friendly interface, which 
makes the data input process faster. It also has the ability to summarize outputs, 
making it easier for the user to understand the results. Another important 
advantage of the model over using a spreadsheet is that using the model the 
user can evaluate different scenarios. By changing inputs, the user can quickly 
see their impacts in the outputs.
The inputs to the model are the four factors used in the SWAP calculation. 
The outputs are the number of PCAs classified in each vulnerability group (Low, 
Moderate, or High), for each of the contaminant categories (SOCs, VOCs, lOCs, 
microbiological, and radionuclides), as well as the average vulnerability ranking 
for each of the contaminant categories.
65
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4.1.1 Model Inputs 
The inputs to the model are the PBE, the existing local water quality, the TOT, 
the number of PCAs, and the PCA codes. Since the PBE and the existing water 
quality are constant for the entire basin, they only have to be input once. For the 
time of travel and PCA codes, the user has 2 options: to input manually, or to 
import the data from a Microsoft Excel table. Figure 4-1 shows the interface for 
importing data from Microsoft Excel, and Figure 4-2 shows a typical Microsoft 
Excel spreadsheet to be imported into Stella.
100.00
PCA
Paste Special
C  Paste 
r« jPaste Link
1.000
OK
Cancel
PCA Number
To Equation Delete Graph
Data Points: 
Edit Output:
Cancel OK
Figure 4-1 Stella Interface for Importing data from Microsoft Excel.
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A B C
1 ID1 CONTAMINAN TOT
2 1 14 20.33
3 2 33 20.25
4 3 19 20.44
5 4 14 20.40
6 5 22 19.94
7 8 19 19.64
8 9 20 19.63
9 10 48 19.27
Figure 4-2 Typical Excel Spreadsheet to be Imported into Stella.
4.1.2 Model Outputs 
Once the model is run, it provides the average vulnerability score for each of 
the contaminant categories. It also gives the number of sources in each category 
that were classified as high, moderate, and low. The outputs are presented in the 
model interface.
4.1.3 The Model Interface 
The model has an interface, where the user can input some of the 
parameters, and where the results are displayed. The model interface is shown 
in Figure 4-3. The interface is where the user inputs two of the factors taken into 
consideration in the vulnerability determination. The PBE is input through a 
switch system, where the user can choose between 3 options (PBE Low, PBE 
moderate, and PBE high).
Once the right switch has been turned on, the user must input the existing 
local water quality rating. It is important to remember that a high water quality 
value represents a poor local water quality. To avoid any confusion, in this
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model, the existing local water quality is called “base risk”. Therefore, 
contaminated waters would receive a high base risk value (5). Even though in the 
Nevada SWAP the values adopted for the water quality were either 0 or 5, in this 
model the user can assign any integer value from 0 to 5. The base risk must be 
assigned for each one of the contaminant categories separately, for 
contamination by one of the categories does not imply contamination by the 
others. The base risk is input through a “slider input device”.
SOURCE WATER ASSESSMENT PROGRAM
PBE Low PBE Mod PBE High
VOe Base Risk SOC Base Risk IOC Base Risk
Microbiological Base Risk Radiological Base Risk
[  VOC High
I VOCM
I VOC
SOC Hi
SOCM
I SOC Low
Figure 4-3
Run
IOC
a
LEGEND 
g  LOW 
Q  MODERATE 
■  HIGH
High , IS O  1 t HadioK
I _  !^o L o w L _  ■_ i>0_ J b'Jujl ]
Interface of the Source Water Assessment Stella Model
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Finally, the number of sources needs to be provided. For that, the user must 
click on the “Run Specs...” button. The Run Specs window (Figure 4-4) opens 
automatically. The “Length of Simulation -  To:” field should be completed with 
the number of PCAs in the area.
RUN SPECS
Length of simulation:
From: S
To: 193
DT: jl.OO
r~  DT as fraction
Pause
interval: INF
Unit of time: Run Mode:
C  Hours 4" Normal
f '  Days Cycle-time
C  Weeks
f '  Months Interaction Mode:
r '  Quarters <* Normal
C  Years Flight Sim
f* Other
{Time
Integration Method: 
r* Euler's Method 
f*' Runge-Kutta 2 
r '  Runge-Kutta 4
Sim Speed: 
|0 real secs = 1 unit time 
Min run length: 0 secs
r~  Analyze Mode: stores run results in memory ( 0.1 MB required )
Cancel I OK
Figure 4-4 Run Specs window in the Stella model interface, used to 
specify the number of PCAs.
The interface also displays the model results. The 15 numeric displays show 
the number of high, moderate, and low sources in each category. On the right 
side of the screen, the status indicators display the average vulnerability score 
for each category, and this indicator assumes a different color for each score 
range. If the average score is low (<8), the indicator turns green. If the score is
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high (>19), the indicator turns red. Finally, if the average score is moderate 
(between 8 and 19), the status indicator turns yellow.
4.1.4 The Model
Figure 4-5 displays an overall view of the connections and interactions in the 
Stella model. The logic and calculations in the model are discussed in this 
section.
TOT TOT Risk TOTS PBE
VOC SOC Risk IOC HighSOC High
{ \ ^ C  H
/ ■ 
le « K
: V o i  Modi
I / / , .
lO C kbdSOC Mod
IOC LowVOC
/  /  /  Radio L *-
/7 /s o c
TOTS PBE
'  . N VOC
Radio Tot»
IOC Airg
Figure 4-5 Stella Model for Source Water Assessment
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4.1.4.1 Physical Barrier Effectiveness (PBE)
For the calculation of the PBE value, four (4) converters were used (Figure 4- 
6). Three of them were linked to the three (3) switches (PBE High, PBE 
Moderate, and PBE Low) in the model interface. Each converter recognizes if the 
switch they are connected to is turned on or off. If the switch is turned on, the 
converter receives a value of one (1), and if it is turned off, the switch is assigned 
a value of zero (0).
VOq Risk
X
Radio Tc4^
Figure 4-6
PBE Risk
TOT a  PBE
i^ P B f Lc'Uh^BE
(à) fe
0
1
Physical Barrier Effectiveness Calculations
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The fourth converter assigns the PBE Risk value, based on the following 
equation:
PBE Risk = 5 X “PBE Low” + 3 x “PBE Mod” + 1 x “PBE High” (4-1 )
Two of the switches will be turned off, resulting in a zero value for their 
converters. The other converter will be assigned a value of one (1), and this 
value will be multiplied by the correct number, based on the PBE value 
assignment criteria (see section 3.3.2.1). For example, if the PBE Low switch is 
turned on, its converter will assume a value of one (1), which will be multiplied by 
5, as a watershed with low PBE should receive a PBE Risk value of 5.
4.1.4.2 Time of Travel (TOT)
For the TOT calculation, a flow device, two converters, and a stock device are 
used (Figure 4-7). The stock device (“TOT Code”) is programmed to have an 
initial value of zero (0), and the flow device (“C l ”) has a value of one (1). When 
the first iteration is run, the flow of one (1) is added do the stock device, which 
stores this value. The next time, the flow (1) is added again, and the stock device 
assumes a value of two (2). This way, if the program runs 10 iterations, the stock 
device will assume values varying from 1 to 10. These values represent the PCA 
number. The stock device is connected to a converter (“TOT”) that is linked to a 
Microsoft Excel spreadsheet. This spreadsheet contains the TOT values for each 
PCA (organized by PCA Number). The converter was programmed to become a
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“Graphical Function”, which means that it gets the value from the stock device, 
and gives another value (Time of Travel) as the output. Every time the iteration is 
run, the converter reads the value on the stock device, and gets the 
correspondent TOT value from the Microsoft Excel spreadsheet. This converter 
is linked to another converter (“TOT Risk”), which calculates the TOT Risk value.
^  f  0“&v •'CX,.
Risk
SOC High
TOTS PBE
TOTS PBE
Radio
\  N IOC
IOC Total\  SOC TotalVOC Total
Figure 4-7
o - 5 { |
C1
TOT Code
193
OT TOT Risk T O T S  PBE
Time of Travel Calculations.
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The “TOT Risk" converter is programmed with an “IF” statement to assign the 
correct risk value depending on the TOT. In order to facilitate the model layout, a 
converter (“TOT & PBE”) was linked to the “TOT Risk” and “PBE Risk” 
converters. The “TOT & PBE” converter was simply used to add the TOT and 
PBE risk values.
4.1.4.3 Existing Local Water Quality (Base Risk) Calculation
SOC Low
/ / /
\  N VOC
k )C  Total I0.C Total Radio Tot^
\mC BisWRisk
Figure 4-8 Existing Local Water Quality (Base Risk) Calculation.
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The existing local water quality (base risk) calculation is performed for each of 
the five (5) contaminant categories. For each category, a converter (e.g. “VOC 
Base Risk”) is linked to the correspondent slider input device (Figure 4-8). The 
converter then just stores the input value to be used in the vulnerability 
calculations.
4.1.4.4 Risk Ranking Calculation
<}—0 ——o
VOC High SOC
IOC HighSOC High
Radio
VOC Total IQC Total Radio T « ^
39
-  ^
PCACrfde
%
— PGAJjumber PCAs
IOC Risk Mcrobiolonical Risk
Figure 4-9 Risk Ranking Calculation.
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For the Risk Ranking value calculation, the procedure is similar to the one 
used for the TOT. A flow device (“PCA”), a stock device (“PCA Number”), and six 
converters are used (Figure 4-9). Every time an iteration is run, the flow of one 
(1) is added do the stock device, and this value is stored. This value represents 
the PCA Number.
The stock device is connected to a converter (“PCA Code”) that is linked to a 
Microsoft Excel spreadsheet. This spreadsheet contains the PCA Code 
(according to Table 3-1) values for each PCA (organized by PCA Number). The 
converter is programmed as a “Graphical Function” that finds the value from the 
stock device, and returns the PCA code as the output. This converter is linked to 
other five converters (“VOC Risk” , “SOC Risk” , “IOC Risk” , “Microbiological Risk” , 
and Radiological Risk”) that calculate the Risk Ranking for each of the 
contaminant categories. Each converter is linked to another Microsoft Excel 
spreadsheet that contains the risk ranking for each contaminant category, 
depending on the PCA code. The converter is defined as a “Graphical Function” 
and finds the PCA Code from the "PCA Code” converter. It then returns the risk 
ranking score for that PCA.
4.1.4.5 Count of PCAs on Each Risk Level for the Five Contaminant
Categories
For each contaminant category, the number of PCAs in each risk level (high, 
moderate, and low) was determined. The procedure presented here was 
employed for the VOCs, and repeated for the other four categories (Figure 4-10).
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TOT Risk TOT 8 PBE
PCA Code
VOC High SDC Radio HighSOC High
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SOC Total IQC Total Radio Totÿi
sâRiskVO C  B;
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Figure 4-10 
Categories.
Count of PCAs in Each Risk Level for the Five Contaminant
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A converter (“VOC Vu In") was linked to the “VOC Risk” and “VOC Base Risk” 
converters. It was also liked to the ghost “TOT & PBE” converter. The “VOC 
Vuin” was programmed to determine whether or not the PCA would be 
accounted for (if the PCA’s Risk Ranking was zero for that category, the PCA 
was not accounted for).
In the case of a Risk Ranking different than zero, the “VOC VuIn” then added 
the TOT, PBE, Risk Ranking, and Base Risk Values to find the vulnerability score 
of that particular PCA. This procedure is repeated every time an iteration is run. 
The “VOC Vuin” converter was linked to three (3) flow devices (“VOC L”, “VOC 
M o d i”, and “VOC H”). Each of these devices is programmed to read the VOC 
vulnerability score, and assume the value of either zero or one. When the VOC 
vulnerability score is zero, all three flow devices assume a value of zero, and the 
PCA is therefore not accounted for. If the VOC vulnerability score is different than 
zero, each flow device is programmed to recognize their score level (e.g. the 
“VOC L” flow device assumes a value of 1 when the Vulnerability score is below 
8). The flow device values are added to the stock devices (“VOC Low”, VOC 
Mod”, and “VOC High”). Every time the iteration is run, the flow device value 
returns to zero, so that a PCA is not repeatedly accounted for. The final value in 
each stock device represents the number of PCAs in each risk level for the VOC 
contaminant category.
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4.1.4.6 Average Vulnerability Score Calculation 
For each contaminant category, the average vulnerability score was 
determined by dividing the sum of all vulnerability scores by the number of PCAs 
accounted for in that category.
.fis C l I________ j t o t  t o t  Risk t o t  & PBE
   TOT Co«d« /  : \
 ------ -------  PBE HWiPBÉ LW VB E Mttd
"0 0  @ ®
Mcrobiole gical Risk Radiolot cal Risk
PCA Code
Mcrobio loÿc^ Base RiskVOC High SOC Bape Ask
IOC High Mcro High
8 —5 - r
\  N SOC
ib.C Total
T O T & P B E
V 0 'C  v u in
H V O C
VO C  Total
rota! N PCz
Figure 4-11 Average Vulnerability Score Calculation.
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Again, the procedure presented here was employed for the VOCs, and 
repeated for the other four categories (Figure 4-11). The “VOC Vuin” converter 
was linked to two flow devices. The “VOC Total” device assumes the same value 
of the “VOC Vuin” converter.
The “VOC Total” flow device is linked to a stock device (“VOCTotal”) that 
stores the sum of the vulnerability scores for all the PCAs accounted for. The “N 
VOC” flow device has an initial value of zero, and assumes a score of one (1) if 
the VOC vulnerability score is different than zero. This flow is connected to a 
stock device (“N PCAs VOC”) that stores the total number of PCAs accounted for 
in the VOC category. The two stock devices are connected to a converter that 
divides the sum of the vulnerability scores by the number of PCAs accounted for 
in that category.
4.1.5 Model Testing 
The model was tested using the data obtained in the SWAP for surface 
waters in the Las Vegas Valley. The PBE Low switch was turned on, and the 
other two (PBE Mod and PBE high) were turned off. The VOC Base Risk and 
SOC Base Risk were marked zero (0) or low, the IOC Base Risk and 
Microbiological Base Risk were marked five (5) or high, and the Radiological 
Base Risk was marked zero (0). The spreadsheets containing the TOT and PCA 
code data were linked to the corresponding converters.
The model was programmed to run 320 times (through the “Run Specs” 
button). The results are shown in Figure 4-12 and summarized in Table 4-1.
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These results are identical to the results obtained using a spreadsheet and 
shown in Table 3-7.
SOURCE WATER ASSESSMENT PROGRAM
PBE Low PBE Mod PBE High
i#t| /) I) 11 1
m - I Itefl
VOC Base Risk SOC Base Risk IOC Base Risk
Miciobiobgical Base Risk Radiological Base Risk
Figure 4-12 Stella Model results for the SWAP Data.
LEGENDRun Specs
□  MODERATE
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Table 4-1 Results from the model for the SWAP for surface waters in
the Las Vegas Valley data.
Contaminant
Cateqory High Moderate Low Average
VOCs 0 121 1 13
SOCs 0 158 0 15
lOCs 124 49 0 20
Microbiological 115 81 0 18
Radiological 0 1 0 19
4.1.6 Model use for Transportation Spills 
In Las Vegas, major transportation routes cross the storm channels in several 
locations. In these areas, there is a risk that a contaminant is spilled, and 
contaminates the channels, migrating downstream, and reaching the drinking 
water intake. It was not a SWAP requirement to analyze these contaminants, but 
since there is such a risk, the Stella model was used to evaluate the possibility of 
these road crossings to impact the intake.
The major roads cross the storm channels in 80 locations. These locations 
were identified in GIS (Figure 4-13), and the TOT of each of these crossings was 
calculated according to the methodology described in section 3.3.1.3 (see Figure 
4-14). These data were then input to the model. Two different analyses were 
performed: The transportation data was first analyzed separately, and after that it 
was analyzed together with the SWAP data.
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MAJOR ROUTE CROSSINGS IN THE LAS VEGAS VALLEY
Legend
•—  -  Wet Flow 
Streets 
#  Street Crossings
* 8 0
LAKE MEAD
LAKE LAS VEGAS
,3 6
m
DRINKING WATER 
INTAKE
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Figure 4-13 Major transportation routes crossing the storm channels in 
the Las Vegas Valley.
Number of Major Route Crossings and TOT
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Figure 4-14 Major transportation route crossings and TOT in the Las 
Vegas Valley.
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4.1.6.1 Transportation Routes Alone
For the evaluation of the major transportation routes alone, the PBE was set 
to low, and the same existing local water quality values were maintained. The 
spreadsheet containing the calculated times of travel for each point was linked to 
the “TOT” converter.
The BHPS list of PCAs did not include the transportation routes. Therefore, 
the risk ranking had to be assigned. For that, two factors were considered; (1) the 
average daily traffic in the crossing that was provided by the Nevada Department 
of Transportation (NDOT, 2002) and (2) the type of street, available at the 
“mstreets” shapefile provided by the Clark County GIS Management Office 
(GISMO, 2003). The percentage of trucks for each street type was approximated 
from the NDOT Annual Report data. The street types and their respective truck 
percentage are shown in Table 4-2.
Table 4-2 Truck Percentage by Street Type in the Las Vegas Valley
Street Type Truck Percentage (%)
Interstate 9
Arterial 4
Collectors 2
Remaining Roads 4.5
The average daily traffic was multiplied by the truck percentage, to calculate 
the average daily truck traffic. Table 4-3 displays the average daily traffic (ADT), 
the truck percentage, and the final risk ranking for each street crossing the storm 
channels.
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Table 4-3 ADT, truck percentage, and risk ranking for street crossings.
Crossing
Number Street Name
Functional
Classification Code
%
Trucks
ADT Station 
Used
Average 
Daily Traffic 
(ADT)
Total # 
of 
Trucks
Risk
Potential
1 SR41 Collector A31 0.02 Low
2 Broadbent Collector A31 0.02 Low
3 Boulder Ark rial A21 0.04 258 /  733 30250 1210 High
4 Russe!! Arterial A21 0 04 824 ' 1163 13525 541 Low
5 US 95 inlbrbtcite A15 0 09 High
6 StP|)hanie Collector A31 0 02 78 15400 308 Low
Sunset Arterial A21 0 04 1044 33500 1340 High
8 Warm Springs Arterial A21 0.02 2165 33300 666 Average
9 T ropicana Collector A31 0.02 Low
10 Valle Verde Collector A31 0.02 2162 8100 162 Low
11 Valle Verde Collector A31 0.02 2162 8100 162 Low
12 Stephanie Collector A31 0.02 1166 7650 153 Low
13 US 95 Interstate A15 0 09
14 Mountain Vista Collector A31 0.02 668/685 22100 442 Low
15 Lamb Remaining Roads A41 0.045 Low
16 Pecos Arterial A21 0.04 655 / 763 29600 1184 Average
17 Russell Arterial A21 0.04 589 18700 748 Average
18 Mountain Vista Arterial A21 0.04 685 22500 900 Average
19 Green Valley Arterial A21 0.04 1051 18300 732 Average
20 S jiisut A21 0 04 7 250w r -  ' .....  w.w-r I I
21 Pecos Arterial A21 0.04 764 25000 1000 Average
22 Broadbent Collector A31 0.02 0 Low
23 Stephanie Remaining Roads A41 0.045 0 Low
24 Flamingo Remaining Roads A41 0.045 2186 10500 473 Low
25 Cabana Collector A31 0.02 1039 9400 188 Low
26 Vegas Valley Collector A31 0.02 1296 11100 222 Low
27 Sahara Collector A31 0.02 958 21000 420 Low
28 Charleston Collector A31 0.02 2191 31500 630 Average
29 Stewart Collector A31 0.02 859 12700 254 Low
30 Nellis Arterial A21 0 04 672 3B'j00 1520 High
31 Lamb Arterial A21 0 04 272 346 29250 1170 Average
32 US 95 Interstate A15 0 09 High
33 Boulder Arterial A21 004 273 3b000 1440 High
34 Di sert inn Arterial A21 0 04 567 ' 569 39000 1560 High
35 Eastern Arterial A21 004 647 /  648 35250 1410 High
36 Maryland Arterial A21 0.04 631 44000 1760 High
37 Swenson Artenal A21 0 04 774 17800 712 Average
38 Paradise Arterial A21 0.04 635 37500 1500 High
39 Flamingo Arterial A21 0.04 577 837 62750 2510 High
40 Swenson Arterial A21 0.04 773 18700 748 Average
41 Paradise Arterial A21 0.04 261 43000 1720 High
42 Sahara Collector A31 0.02 958 21000 420 Low
43 Nellis Arterial A21 0.04 Moderate
44 Charleston Arterial A21 0.04 557/2191 38250 1530 High.
45 Stewart Arterial A21 0.04 1121 15000 600 Average
46 Lamb Arterial A21 0.04 343 /345 34500 1380 High
47 Bonanza Arterial A21 0.04 523 24000 960 Average
48 Washington Collector A31 0.02 757 / 758 10400 208 Low
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Crossing
Number
street Name
Functional
Classification
Code %
Trucks
ADT Station 
Used
Average 
Daily Traffic 
(ADT)
Total#
of
Trucks
Risk
Potential
49 Lamb Arterial A21 0.04 343 30000 1200 Average
50 Pecos Arterial A21 0.04 694/1009 22200 888 Average
51 Eastern Artenal A21 0 04 652/ 1105 32150 1286 High
52 Bruce Collector A31 0.02 640 10000 200 Low
53 Las Vegas Arterial A21 0.04 325 14800 592 Low
54 Washington Arterial A21 0.04 756/1085 16350 654 Average
55 Bonanza Arterial A21 0.04 318/521 20100 804 Average
56 Bonanza Arterial A21 0.04 Moderate
57 US 95 Interstate A15 0 09 High
58 1 15 fnteistate A15 0 09 High
59 Martin L King Arterial A21 0.04 619/622 22400 896 Average
60 Rancho Arterial A21 0.04 402 40000 1800 High
61 Pecos Arterial A21 0.04 662/1009 18550 742 Average
62 Martin L King Arterial A21 0.04 619 13800 552 Low
63 Rancho Arterial A21 0.04 291 30000 1200 Average
64 Valley View Arterial A21 0.04 1128 26700 1068 Average
65 4 th Remaining Roads A41 0.045 Low
66 Owens Arterial A21 0.04 996 16000 640 Average
67 Lake Mead /Pecos Arteriah Arterial A21 004 339/505 31750 1270 High
68 Carey Arterial A21 0.04 503/1201 11400 456 Low
69 Las Vegas Arterial A21 0.04 1127 27500 1100 Average
70 Cheyenne Arterial A21 0.04 494/495 31000 1240 High
71 Civic Center Collector A31 0.02 499 8500 170 Low
72 1 15 Interstate A16 High
73 Alexander Collector A31 0.02 357/ 1279 5800 116 Low
74 Craig Arterial A21 0.04 380/490 44150 1766 High
75 Commerce Collector A31 0.02 497? Low
76 Cheyenne Arterial A21 0 04 369/392 50750 2030 High
77 Carey Arterial A21 0.04 502 / 503 13500 540 Low
78 Commerce Collector A31 0.02 497 6500 130 Low
79 Lake Mead Arterial A21 0 04 331 / 943 35000 1400 High
80 Owens Arterial A21 0.04 512/513 15900 636 Average
The points were then divided according to these values. The 33% highest 
values received a high risk ranking (score of 5). The 33 %  lowest values received 
a low risk ranking (score of 1). All the other values received a moderate risk 
ranking (score of 3). A more thorough study of the transportation routes should 
include the analysis of accident rates in the streets, to determine which one is 
more prone to accidents.
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The model was run with these data, and the results are summarized in Table
4-4.
Table 4-4 Results from the Model for Transportation Routes Crossings 
Analyzed Alone.
Contaminant
Category High Moderate Low Average
VOCs 0 74 6 13
SOCs 0 74 6 13
lOCs 28 52 0 18
Microbiological 28 52 0 18
Radiological 0 74 6 13
The majority of the PCAs received a moderate vulnerability score. The 
average vulnerability for all the contaminant categories was also moderate. Only 
28 PCAs received a high vulnerability score for IOC and microbiological 
contamination. These high values were possible because of the combination of 
PBE and water quality (10 points), plus low TOTs and high risk rankings. Six (6) 
PCAs received a low vulnerability score for VOC, SOC, and radiological 
contamination. This is attributed to a low existing water quality value (0), 
combined with a low PBE (5), a low risk ranking (1), and a very high TOT (1).
4.1.6.2 Transportation Routes and SWAP Data 
The model was also used to evaluate the transportation route crossings along 
with the SWAP data. The results are summarized in Table 4-5. The values in 
parentheses are the data from the SWAP for surface waters in the Las Vegas 
Valley analyzed alone.
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Table 4-5 Results from the model for transportation routes crossings 
analyzed along with the SWAP data.
Contaminant
Category
High Moderate Low Average Rating
Transp.
with
SWAP
SWAP
Alone
Transp.
with
SWAP
SWAP
Alone
Transp.
with
SWAP
SWAP
Alone
Transp.
with
SWAP
SWAP
Alone
Transp. SWAP 
with SWAP Alone
VOCs 0 0 194 121 7 1 13 13 Moderate Moderate
SOCs 0 0 231 158 6 0 14 15 Moderate Moderate
lOCs 151 124 101 49 0 0 19 20 Moderate High
Microbiological 142 115 133 81 0 0 18 18 Moderate Moderate
Radiological 0 0 74 1 6 0 13 19 Moderate Moderate
For the VOCs and the microbiological compounds the average vulnerability 
score did not change when the transportation routes data were added to the 
SWAP data. For the SOCs, lOCs, and radiological compounds the average 
vulnerability score decreased. Even though the average vulnerability score for 
some of the contaminant categories decreased, it does not mean that the intake 
is less vulnerable, once the total number of potential contaminating activities in 
each category increased.
4.2. Accident Response Model 
The SWAP model was modified, as an initial attempt to create a model for 
accident response. This is a first version of a model to help a response team in 
case of a spill at any location in the Las Vegas Valley. This type of model could 
be useful in making decisions about how to act in case of an accident resulting in 
a contamination spill in the Valley.
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The inputs to this model are the watershed’s PBE and existing local water 
quality (base risk), the risk ranking of the contamination, and the location where 
the spill occurred. The response team would need to have some information on 
the nature of the contaminants that were spilled to be able to determine the risk 
ranking. They would also need to be able to identify the spill location on the map.
Once the data is input, the model calculates the TOT from the accident to the 
drinking water intake. It also determines the intake vulnerability to that particular 
spill, using the same methodology defined for the SWAP.
4.2.1 Model Interface
Unlike the SWAP model, in the accident response model, the interface is 
used to input all the necessary parameters. The interface is shown in Figure 4- 
15.
The PBE and the existing local water quality are input the same way as in the 
SWAP model. The PBE is input through a switch system and the existing local 
water quality (base risk) is input through a slider input device.
Another slider input device (“PCA Code”) is used to input the PGA code of the 
contamination involved in the particular spill. Finally, the location of the accident 
needs to be specified. This is accomplished by first noting the reach number 
where the spill occurred. According to the map, each reach in the Valley received 
a number. All the user needs to do is locate the accident in the map, input the 
reach number, and calculate the distance from the place where the spill occurred 
to the end of that reach. The model will calculate the time of travel to the end of 
the Las Vegas Wash.
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Figure 4-15 Interface of the Accident Response Model.
The results are shown in the interface through six numeric displays. They 
include the vulnerability score of the spill for the five contaminant categories, as 
well as the time it will take the contamination to reach the end of Las Vegas 
Wash.
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4.2.2 The Model
Figure 4-16 shows an overall view of the accident response model. For the 
PBE value, the same methodology was used, with the converters linked to the 
switches. The existing local water quality (base risk) was also calculated the 
same way, with the converters linked to the slider input devices.
PCA Co\
$0^  Risk lOq Risk
VO C Ba 56 ^ is k Mcrobiologicali'Base RiskIOC BaSOC
PBE Risk PBE RiskPBE Risk
PBE RiskPBE Risk
PBE Risk
Oisparlce to end of reach
Douinst R3
TOT in Reach
Downst R5
Reach Number
Downst R7 and RB
Downst R21
Downst R11 Downst R12 and R16 DowAst R13 Downst R14 and R15 Downst R17 and RIB Downst R19
Figure 4-16 Accident Response Model.
For the calculation of the risk ranking, six converters are used. The first one 
(“PCA Code”) reads the PCA Code input in the interface. The other five
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converters assign the risk ranking for each contaminant category based on the 
PCA code value they read from the “PCA Code” converter.
For the time of travel calculations, there’s a converter connected to the 
“Reach Number” slider input device. This converter is connected to another one 
(“Reach Velocity”) that is programmed to become a graphical function. It is linked 
to a Microsoft Excel spreadsheet, which contains the velocities for all the 
reaches. This converter reads the reach number and returns the reach velocity to 
the “TOT in Reach” converter. This converter gets the distance to the end of 
reach from the converter that’s linked to the slider input device. It then divides the 
distance by the velocity, to calculate the TOT in that reach.
Eighteen converters were used to calculate the TOT downstream of each 
channel reach. For example, downstream of Reach number 1 the TOT is zero 
(0), and downstream of Reach number 16 the TOT equals the TOT in reach 1. 
The “Downstream TOT” converter is linked to these 18 converters, and to the 
“Reach Number” converter. Depending on the reach number, it reads the 
downstream TOT value from the right converter. It then returns this value to the 
“TOT” converter, which is also linked to the “TOT in Reach” converter. This 
converter adds the TOT in reach to the downstream TOT to find the total TOT for 
the spill. Finally, the “TOT Risk” converter assigns the TOT score depending on 
the time of travel value.
The vulnerability score is calculated for each of the contaminant categories by 
adding the PBE score, the risk ranking score, the base risk (existing local water
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quality) score, and the TOT score. Note that if the risk ranking score is zero, the 
vulnerability score is also assigned to be zero.
4.2.3 Simulation Example 
Assume a spill occurred at PCA # 24 (section 3.3.1.3). This PCA is a dry 
cleaning facility, which corresponds to PCA code 14 (Table 3-1). The inputs to 
the model are the following;
• PCA Code: 14
• VOC Base Risk: 0 (section 3.3.3.2)
• SOC Base Risk: 0 (section 3.3.3.2)
• IOC Base Risk: 5 (section 3.3.3 3)
• Microbiological Base Risk: 5 (section 3.3.3.4)
• Radiological Base Risk: 0 (section 3.3.3.5)
• Reach Number: 13 (Figure 3-10)
• Distance to end of reach: 5,915 ft (section 3.3.1.3)
• PBE: Low (section 3.3.2 2)
The results are shown in Figure 4-17:
■ VOC Vulnerability • 13 J Microbilogical Vuln j
: SOC Vulneiability ; 0 ÎRadiofogicaiVulnei . j
IOC Vulnerability ; 0 i f  TOT j 184 . i
Figure 4-17 Simulation Example from the Accident Response Model.
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Given that dry cleaning facilities have a high risk ranking for SOCs, and no 
risk ranking for all the other contaminant categories, the only category to receive 
a vulnerability score was the SOCs. Therefore, the drinking water intake 
vulnerability score to this particular spill is 13 (moderate), and it will take the 
contamination 18.4 hours to reach the end of the Las Vegas Wash.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS
Source water protection is very important to protect public health. The Source 
Water Assessment Program (SWAP) presented here evaluated the vulnerability 
of the drinking water intake to potential contaminating activities (PCAs) in the Las 
Vegas Valley. The main conclusions and recommendations for future work are 
presented next.
5.1. SWAP for the Las Vegas Valley Surface Waters
For the vulnerability analysis, the contaminating compounds were divided into 
five categories; VOCs, SOCs, lOCs, microbiological compounds, and radiological 
compounds (BMPS, 1999).
The inventory of PCAs found 320 potential contaminating activities within 
protection zone A. Of those, 122 were septic tanks and 9 were NPDES permits. 
The others were identified through field work. The septic tanks were the most 
common source identified in the protection area, followed by the medical 
institutions (49).
The time of travel was calculated for all the PCAs identified within Zone A. A 
total of 70 PCAs were located less than 12 hours from the end of the Las Vegas 
Wash. Of these, medical institutions (12) and septic systems (12) were the most
95
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common. The water velocity measurements for this study were made during dry 
weather. During a storm, these velocity values would drastically increase. This is 
an aspect that needs further study using hydraulic models.
The Physical Barrier Effectiveness (PBE) was determined to be low for the 
Las Vegas Valley, mainly because of the ground water recharge to the Las 
Vegas Wash and its tributaries.
The existing local water quality (base risk) was analyzed, and the presence of 
contaminants above the MCL determined a high base risk for that contaminant 
category. The VOCs, SOCs, and radiological compounds received a low base 
risk score. The lOCs received a high water quality score, mainly because of the 
current perchlorate levels. That might change in the future, given that perchlorate 
is currently being cleaned up. Microbiological compounds also received a high 
base risk score, primarily because of the C ry p to s p o r id iu m  outbreak in 1994. This 
score might also change in the future due to some modifications currently being 
implemented in the wastewater treatment plants.
The drinking water intake vulnerability was assigned to be moderate for 
VOCs, SOCs, microbiological, and radiological compounds. For the lOCs, the 
intake vulnerability was rated high. Once the perchlorate levels decrease, and 
the base risk (existing local water quality) becomes low, this rating will likely 
change to moderate.
Studies have shown that the Las Vegas Wash strongly influences the raw 
water quality at the intake, since its waters do not completely mix with Lake 
Mead, especially during the winter (Piechota et al., 2003). Since the Las Vegas
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Wash has such a strong influence on the water quality at the drinking water 
intake, and given the results from the SWAP, source water protection in the Las 
Vegas Valley watershed is strongly encouraged.
To improve this assessment, a recommendation would be to analyze 
contaminant loads, their path along the storm channels, and their volatilization, 
dilution, and degradation before reaching the drinking water intake. This would 
involve a much more complicated analysis using water quality models.
5.2. Source Water Assessment Tools 
In Las Vegas, transportation routes cross storm channels in several places. In 
these locations, there is a chance of a spill releasing contaminants to that would 
enter the channels and migrate downstream, reaching the drinking water intake.
A model was developed for SWAP calculation using the system model Stella.
This model was tested with the Nevada SWAP data, and then applied to analyze 
the potential for the major route crossings to impact the drinking water intake.
When the transportation routes were analyzed separately, the average intake 
vulnerability score was moderate for all the contaminant categories. Only 28 
crossing points received a high vulnerability score for IOC and microbiological 
contamination. Six (6) crossing points received a low vulnerability score for VOC, 
SOC, and radiological contamination.
The transportation routes crossings were then added to the SWAP data. The 
results showed that this did not affect the average intake vulnerability score for 
the VOCs and microbiological compounds. For the SOCs, lOCs, and radiological
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compounds the average vulnerability score decreased, although this does not 
mean that the intake is less vulnerable. The average score may have decreased, 
but the number of potential contaminating activities in each category increased.
The source water assessment tools developed in this research can assist in 
water system managing. A manager could use the tools to decide where to 
allocate resources, or where to build barriers in the watershed. It can also be 
used to identify how serious an accident is, and how fast the response team must 
act. Finally, it can be used to identify the areas in the valley where an accident 
would have the worst consequences, so that these areas can be properly 
protected.
5.3. Accident Response Model 
The SWAP Model was modified to create a first attempt at an accident 
response model. The objective of this model is to help a response team in case 
of an accident. This first version of the model calculates the time it will take the 
contamination to reach the end of the Las Vegas Wash, in case of a spill. It also 
calculates the drinking water intake vulnerability to the contamination involved in 
the accident, following the SWAP methodology.
Currently, the user needs to provide the model with the channel reach where 
the accident occurred, and also calculate the distance from the accident to the 
end of the reach. An improvement to the model would be to link it to a GIS map, 
where the user could select the accident location. Another way to improve the 
model is to allow the user to input velocity values. The model currently has the
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dry weather flow velocities built in, but that is not representative if the accident 
happens during a storm event.
The SWAP model and the accident response model could be improved in the 
future by linking the map in Stella with GIS. This way the user would be able to 
select the map in the Stella interface where the spill occurred, and the program 
would output the distance and time of travel from the spill to the drinking water 
intake. Finally, a comprehensive accident response model would integrate a 
water quality model into the existing framework.
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TYPICAL FIELD DATA SHEET
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APPENDIX B
DISTANCE AND TIME OF TRAVEL FOR EACH PCA
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ID TYPE
Distance
(ml)
Time of 
Travel(h)
ID TYPE
Distance
(ml)
Time of 
Travel (h)
1 Dry Cleaning 25.77 20.33 102 Auto Repair 29.21 34.48
2 Public Storage 25.69 20.25 103 Auto Repair 29.21 34.48
3 Photography & printer 25.89 20.44 104 Auto Repair 29.21 34.48
4 Dry Cleaning 25.85 20.40 107 Auto Repair 29.28 34.63
5 Gas Station 25.38 19.94 108 Auto Repair 29.10 34.25
8 Photography & printers 24.91 19.64 109 Auto Repair 29.11 34.26
9 Auto Repair 24.90 19.63 111 Auto Repair 28.55 33.53
10
Golf Courses, parks 
Snurseries
24.25 19.27 112 Auto Repair 28.51 33.49
11 Medical Instituton 23.62 18.92 113 Photography & printers 28.50 33.48
23 Medical Instituton 23.08 18.62 114 Auto Repair 28.46 33.44
24 Dry Cleaning 22.66 18.39 115 Public Storage 28.38 33.36
25 Gas Station 22.69 18.40 116 Auto Repair 28.27 33.25
26 Dry Cleaning 22.85 18.50 117 Auto Repair
Chemical manufacturer /
28.23 33.22
27 Gas Station 22.81 18.47 118 warehouse / distribution 
activities
28.21 33.20
49 Auto Repair 20.66 13.78 120 Auto Repair 27.88 32.87
50 Gas Station 20.72 14.06 121 Auto Repair 27.85 32.85
51 Car Wash 20.70 13.99 122 Car Wash 27.82 32.82
54 Public Storage 19.78 9.89 123 Auto Repair 27.70 32.69
55
Golf Courses, parks 
&nurseries
19.18 7.24 124
Chemical manufacturer / 
warehouse /  distribution 
activities
27.08 32.09
59 Car Wash 20.56 7.26 127 Auto Repair 26.88 31.89
60 Gas Station 20.52 7.22 130 Gas Station 27.05 32.05
61 Car Wash 20.52 7.22 131
Funiture & wood stripper 
refinishers
26.89 31.90
62 Medical Instituton 20.65 7.34 132 Auto Repair 27.54 32.54
63 Car Wash 20.49 7.19 133 Construction 27.86 32.86
65 Public Storage 20.49 7.19 135 Auto Repair 26.61 31.63
66 Auto Repair 21.52 17.61 136 Auto Repair 26.69 31.71
67 Medical Instituton 23.64 18.93 139 Laundromats 
Chemical manufacturer /
27.59 32.56
68 Public Storage 21.10 15.74 142 warehouse / distribution 
activities
27.34 32.33
70 Research Laboratory 25.59 20.10 143 Auto Repair 27.38 32.36
71 Medical Instituton 25.76 20.24 144 Research Laboratory 27.60 32.57
75 Auto Repair 26.56 21.75 149 Gas Station 24.24 24.08
81
Golf Courses, parks 
Snurserles
26.36 21.55 150 Medical Instituton 24.34 24.56
86 Auto Repair 29.66 34.67 151 Dry Cleaning 24.37 24.68
89 Auto Repair 29.08 34.21 152 Laundromats 21.58 17.79
90 Auto Repair 29.08 34.22 160 Dry Cleaning 19.72 7.45
92 Machine & metalworking 28.94 33.90 163 Gas Station 18.58 13.00
93 Auto Repair 28.93 33.89 164 Car Wash 18.74 13.14
94 Machine & metalworking 28.92 33 .88 165 Gas Station 18.67 13.07
95 Auto Repair 28.88 33.85 166 Medical Instituton 29.09 24.22
96 Auto Repair 28.88 33.84 167 Car Wash 18.55 12.98
97 Photography & printers 28.89 33.86 168 Medical Instituton 19.80 14.01
98 Auto Repair 28.80 33.77 169 Laundromats 19.89 14.09
99 Auto Repair 28.78 33.75 170 Dry Cleaning 19.98 14.16
100 Auto Repair 29.12 34.31 173 Public Storage 20.03 14.20
101 Auto Repair 29.21 34.48 175 Car Wash 20.03 14.20
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ID TYPE
Distance
(ml)
Time of 
Travei (h) ID TYPE
Distance
(ml)
Time of 
Travel (h)
177 Medical Instituton 20.09 14.26 267 Medical Instituton 29.01 24.14
178 Medical Instituton 20.09 14.26 268 Medical Instituton 28.96 24.09
180 Gas Station 18.50 4.80 269 Medical Instituton 28.91 24.04
182
Golf Courses, parks 
Snurseries
17.80 4.64 270 Medical Instituton 28.96 24.10
183
Golf Courses, parks 
Snurseries
18.00 4.68 271 Medical Instituton 29.01 24.14
186 Construction 18.06 4.70 272 Research Laboratory 28.94 24.07
190 Gas Station 31.44 36.26 273 Medical Instituton 29.03 24.16
191 Car Wash 31.44 36.26 274 Medical Instituton 29.06 24.19
192 Dry Cleaning 31.44 36.26 275 Medical Instituton 29.07 24.20
194 Gas Station 28.24 33.17 276 Medical Instituton 29.08 24.21
196
Golf Courses, parks 
Snurseries
14.81 3.75 277 Medical Instituton 29.03 24.16
200 Gas Station 20.99 7.65 278 Medical Instituton 28.98 24.11
201 Construction 21.00 7.66 279 Medical Instituton 28.86 24.00
209 Public Storage 21.61 9.76 280 Medical Instituton 28.85 23.99
210 Car Wash 22.54 15.23 282 Medical Instituton 28.78 23.92
211 Laundromats 22.56 15.36 283 Medical Instituton 28.69 23.83
212 Dry Cleaning 22.56 15.38 284 Medical Instituton 28.04 23.19
213 Gas Station 22.61 15.67 287 Medical Instituton 28.53 23.68
214 Auto Repair 22.60 15.59 288 Medical Instituton 28.48 23.62
216 Gas Station 23.81 19.06 289 Public Storage 27.86 23.02
219 Medical Instituton 20.07 14.24 294 Dry Cleaning 28.69 23.83
222 Golf Courses, parks 
Snurseries
19.28 7.39 296 Educational institutions 28.83 23.97
225 Medical Instituton 18.59 6.80 297 Public Storage 28.43 23.57
226 Medical Instituton 18.71 6.90 298 Auto Repair 28.45 23.59
227 Medical Instituton 18.03 6.33 299 Auto Repair 28.48 23.62
228 Medical Instituton 18.01 6.31 300 Public Storage 28.39 23.53
229 Medical Instituton 18.02 6.32 305 Gas Station 27.96 23.11
230 Medical Instituton 18.01 6.31 308 Medical Instituton 24.77 20.00
231 Medical Instituton 18.01 6.31 309 Gas Station 25.82 21.03
234 Medical Instituton 17.57 5.96 316
Storm water drains & 
detention basins
10.60 0.29
235 Medical Instituton 17.55 5.95 366 Educational institutions 22.32 8.54
236 Medical Instituton 17.53 5.93 367 Educational Institutions 21.85 8.26
237 Auto Repair 16.93 5.46 371 Educational institutions 23.47 18.73
238 Auto Repair 16.84 5.38 405 Auto Repair 27.57 32.54
240 Construction 17.39 5.82 440
Golf Courses, parks 
&nurseries
12.06 1.01
241 Medical Instituton 17.75 6.11 442 Medical Instituton 28.89 24.03
243 Construction 16.97 7.90 443 Medical Instituton 28.39 23.54
246 Construction 16.27 4.93 444 Medical Instituton 28.08 23.23
248
Golf Courses, parks 
&nurseries 16.39 5.03 449
Golf Courses, parks 
Snurseries 9.30 1.00
250 Gas Station 30.41 25.51 450
Stormwater drains & 
detention basins
15.84 4
262 Medical Instituton 29.11 24.24 451
Stormwater drains & 
detention basins
15.19 4
263 Medical Instituton 29.09 24.22 452
Stormwater drains & 
detention basins
14.73 3.69
264 Medical Instituton 29.14 24.27 454
Stormwater drains & 
detention basins
13.11 2.87
265 Medical Instituton 29.14 24.27 455
Stormwater drains & 
detention basins
18.30 5.40
266 Medical Instituton 29.06 24.19
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ID TYPE
Distance
(ml)
Time of 
Travel (h) ID TYPE
Distance Time of 
Travel (h)
456
Stormwater drains & 
detention basins
18.83 5.67
457
Stormwater drains &
14.50 3.56
detention basins
504 Boat yards / marinas 8.39 0.00
505 Gas Station 8.31 0.00
506 Sewer Transfer Stations 8.20 0.00
507 Boat yards / marinas 2.80 0.00
508 Boat yards / marinas 1.11 0.00
509 Boat yards / marinas 0.94 0.00
511 Boat yards / marinas 6.16 0.00
1001 Municipal Wastewater 17.56 5.04
1002 Municipal Wastewater 16.00 4.27
1003 Municipal Wastewater 13.20 2.91
1004 Dewatering 21.50 15.42
1005 Groundwater Remediati 30.12 25.22
1006 Groundwater Remediati 25.41 32.03
1007 Groundwater Remediati 24.25 24.29
1008 Groundwater Remediati 28.63 33.61
1009 Miscellaneous 13.47 3.04
2000
Septic Systems, 
cesspools
20.68 14.74
2005
Septic Systems, 
cesspools
15.50 4.03
2012
Septic Systems, 
cesspools
27.26 32.25
2013
Septic Systems, 
cesspools
21.53 9.29
2022
Septic Systems, 
cesspools
18.81 13.20
2039
Septic Systems, 
cesspools
27.08 32.08
2040
Septic Systems, 
cesspools
20.77 14.28
2042 Septic Systems, 
cesspools
18.81 13.20
2043 Septic Systems, 
cesspools
18.81 13.20
2046 Septic Systems, 
cesspools
28.48 33.40
Septic Systems, 
cesspools
28.63 33.54
Septic Systems, 
cesspools
18.81 13.20
Septic Systems, 
cesspools
18.88 13.25
ggyg Septic Systems, 
cesspools
18.88 13.25
2 Qy.| Septic Systems, 
cesspools
18.88 13.25
2084 Septic Systems, 
cesspools
18.81 13.20
2 Qgg Septic Systems, 
cesspools
18.81 13.20
2086 Septic Systems, 
cesspools
18.81 13.20
2 Qgy Septic Systems, 
cesspools
18.88 13.25
2088 Septic Systems, 
cesspools
18.88 13.25
Septic Systems, 
cesspools
18.88 13.34
Septic Systems, 
cesspools
18.88 13.25
2096 Septic Systems, 
cesspools
18.88 13.25
Septic Systems, 
cesspools
26.92 31.93
Septic Systems,
2121 cesspools 18.88 13.25
Septic Systems,
2123 cesspools 18.81 13.20
Septic Systems,
2125 cesspools 18.88 13.25
Septic Systems,
2132 cesspools 19,05 13.40
Septic Systems,
2134 cesspools 21.51 15.43
Septic Systems,
2139 cesspools 19.10 13.44
Septic Systems,
2145 cesspools 19.16 13.49
Septic Systems,
2147 cesspools 27.01 32.02
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Distance Time of ID TYPE Distance
Time of
ID TYPE (mi) Travel (h) (mi) Travei (h)
2 .|^g Septic Systems, 19.16 13.49
g.|g.| Septic Systems, 21.51 15.43
cesspools cesspools
2162 Septic Systems, 19.27 13.58 2193 Septic Systems, 21.41 15.35
cesspools cesspools
g.,g2  Septic Systems, 21.41 15.35
g.,g^ Septic Systems, 21.41 15.35
cesspools cesspools
Septic Systems,
20.61 14.69 2200 Septic Systems, 21.51 15.43
cesspools cesspools
Septic Systems,
21.41 15.35 2201 Septic Systems, 21.47 15.40
cesspools cesspools
Septic Systems,
20.61 14.69
ggg^ Septic Systems, 21.47 15.40
cesspools cesspools
g^gg Septic Systems, 
cesspools
20.56 14.64
Septic Systems,
2205 cesspools 21.51 15.43
g^gg Septic Systems, 
cesspools
21.47 15.40
Septic Systems,
2288 cesspools 22.97 18.56
g.jgg Septic Systems, 
cesspools
19.40 13.68
Septic Systems,
2288 cesspools 27.12 32.13
g.,yg Septic Systems, 
cesspools
19.34 13.63 Septic Systems,2291 cesspools 20.61 14.69
g.,yg Septic Systems, 
cesspools
21.47 15.40
Septic Systems,
2297 cesspools 19.27 13.58
g.|y.| Septic Systems, 
cesspools
19.27 13.58
Septic Systems,
2298 cesspools 19.16 13.49
Septic Systems, 
cesspools
21.47 15.40
Septic Systems,
2300 cesspools 19.27 13.58
g.,yg Septic Systems, 
cesspools
19.27 13.58
Septic Systems,
2317 cesspools 20.34 8.33
g.|yg Septic Systems, 
cesspools
21.33 15.29
Septic Systems,
2318 cesspools 20.34 8.33
g.|yg Septic Systems, 
cesspools
19.27 13.58
Septic Systems,
2326 cesspools 21.33 15.29
g.,yg Septic Systems, 
cesspools
21.51 15.43
Septic Systems,
2330 cesspools 21.47 15.40
Septic Systems, 
cesspools
19.40 13.68
Septic Systems,
2369 cesspools 22.91 18.53
g.|yg Septic Systems, 
cesspools
21.51 15.43
Septic Systems,
2384 cesspools 20.75 14.81
g ,yg  Septic Systems, 
cesspools
19.40 13.68
Septic Systems,
2387 cesspools 20.75 14.81
g.|yy Septic Systems, 
cesspools
19.34 13.63
Septic Systems,
2390 cesspools 20.68 14.74
g.,yg Septic Systems, 
cesspools
19.27 13.58
Septic Systems,
2444 cesspools 19.47 13.74
g.,yg Septic Systems, 
cesspools
19.40 13.68
Septic Systems,
2479 cesspools 19.47 13.74
2180 Septic Systems, 
cesspools
19.40 13.68
Septic Systems,
2488 cesspools 19.53 13.79
g.jg., Septic Systems, 
cesspools
19.34 13.63
Septic Systems,
2493 cesspools 19.53 13.79
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ID TYPE
Distance
(mi)
Time of 
Travel (h)
2517 Septic Systems, cesspools 20.82 14.86
2521 Septic Systems, cesspools 20.82 14.86
2523 Septic Systems, cesspools 22.97 18.56
2527 Septic Systems, cesspools 19.57 13.82
2552 Septic Systems, cesspools 19.65 13.89
2584 Septic Systems, cesspools 19.73 13.96
2587 Septic Systems, cesspools 29.19 24.32
2588 Septic Systems, cesspools 29.19 24.32
2589 Septic Systems, cesspools 29.14 24.27
2590 Septic Systems, cesspools 29.14 24.27
2596 Septic Systems, cesspools 28.73 23.87
2597 Septic Systems, cesspools 28.75 23.89
2600 Septic Systems, cesspools 23.99 22.82
2621 Septic Systems, cesspools 20.92 14.94
2637 Septic Systems, cesspools 20.00 14.18
2647 Septic Systems, cesspools 20.00 14.18
2736 Septic Systems, cesspools 20.97 14.98
2907 Septic Systems, cesspools 28.70 23.84
2954 Septic Systems, cesspools 21.11 15.11
21061 Septic Systems, cesspools 28.34 23.48
21071 Septic Systems, cesspools 28.50 23.64
21098 Septic Systems, cesspools 29.37 34.39
21178 Septic Systems, cesspools 21.84 11.13
21323 Septic Systems, cesspools 21.84 11.13
21326 Septic Systems, cesspools 21.84 11.13
21420 Septic Systems, cesspools 21.70 10.30
21428 Septic Systems, cesspools 21.71 17.86
21431 Septic Systems, cesspools 24.35 24.59
21447 Septic Systems, cesspools 24.31 24.42
21475 Septic Systems, cesspools 20.75 14.81
21566 Septic Systems, cesspools 21.70 10.30
21572 Septic Systems, cesspools 21.70 10.30
21574 Septic Systems, cesspools 21.70 10.30
21576 Septic Systems, cesspools 21.70 10.30
21732 Septic Systems, cesspools 28.56 23.69
22120 Septic Systems, cesspools 19.31 15.00
22121 Septic Systems, cesspools 19.27 14.92
22124 Septic Systems, cesspools 19.22 14.81
212670 Septic Systems, cesspools 22.91 18.53
216901 Septic Systems, cesspools 19.25 14.87
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
108
APPENDIX C
MAXIMUM CONTAMINANT LEVELS (MCLs) FOR THE CONTAMINANTS
ANALYZED IN THE SWAP
(from Piechota et al., 2003)
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Regulated Synthetic Organic Chemicais (SOCs) 
(40 CFR 141.61 ( c ) )
PHASE II
MCL (mg /  L) 
parts per 
million
MCL (ppb) parts 
per biliion
(1) Aiachior 0.002 2
(2) Aldicarb 0.003 3
(3) Aldicarb Sulfoxide 0.004 4
(4) Aldicarb Sulfone 0.002 2
(5) Atrazine 0.003 3
(6) Carbofuran 0.04 40
(7) Chlordane 0.002 2
(8) Dibromochloropropane 0.0002 0.2
(9) 2,4-D 0.07 70
(10) Ethylene Dibromide 0.00005 0.05
(11) Heptachlor 0.0004 0.4
(12) Heptachlor Epoxide 0.0002 0.2
(13) Lindane 0.0002 0.2
(14) Methoxychlor 0.04 40
(15) Polychlorinated Biphenyls 0.0005 0.5
(16) Pentachlorophenol 0.001 1
(17) Toxaphene 0.003 3
(18) 2,4,5-TP 0.05 50
PHASE V
(1) Benzo(a)pyrene 0.0002 0.2
(2) Dalapon 0.2 200
(3) Di(2-ethylhexyl)adipate 0.4 400
(4) Di(2-ethylhexyl)phthalate 0.006 6
(5) Dinoseb 0.007 7
(6) Diquat 0.02 20
(7) Endothal 0.1 100
(8) Endrin 0.002 2
(9) Glyphosate 0.7 700
(10) Hexachiorobenzene 0.001 1
(11) Hexachlorocyclopentadiene 0.05 50
(12) Oxymal (Vydate) 0.2 200
(13) Picloram 0.5 500
(14) Simazine 0.004 4
(15) 2,3,7,8-TCDD (Dioxin) 3x1 O'"
UNREGULATED SYNTHETIC ORGANIC CHEMICALS
(SOC) (40 CFR 141.40 (n))
(1) Aldrin (6) 3-Hydroxycarbofuran
(2) Butachlor (7) Methomyl
(3) Carbaryl (8) Metolachlor
(4) Dicamba (9) Metribuzin
(5) Dieldrin (10) Propachlor
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Regulated Volatile Organic Chemicals (VOCs) 
(40 CFR 141.61 (a) )  
---------------------PHASE I ARB II--------------------
MCL (mg / L) parts 
per million
MCL (ppb) parts per 
billion
(1) Vinyl Chloride 0.002 2
(2) Benzene 0.005 5
(3) Carbon Tetrachloride 0.005 5
(4) 1,2-Dichloroethane 0.005 5
(5) Trichlorothylene (TCE) 0.005 5
(6) Para-dichlorobenzene 0.075 75
(7) 1,1-Dichloroethyene 0.007 7
(8) 1,1,1-Trichloroethane 0.2 200
(9) Cis-1,2-Dichloroethylene 0.07 70
(10) 1,2-Dichloropropane 0.005 5
(11) Ethylbenzene 0.7 700
(12) Monochlorobenzene 0.1 100
(13) o-Dichlorobenzene 0.6 600
(14) Styrene 0.1 100
(15) Tetrachloroethylene (PCE) 0.05 5
(16) Toluene 1 1000
(17) Trans-1,2-Dichloroethylene 0.1 100
(18) Xylenes (Total) 10 10000
PHASE V
(1) Dichloromethane 0.005 5
(2) 1,2,4-T richlorobenzene 0.07 70
(3) 1,1,2-T richloroethane 0.005 5
Unregulated Volatile Organic Chemicais 
________ (SOC) (40 CFR 141.40 (n))
(1) Chloroform
(2) Bromodichloromethane
(3) Clorodibromomethane
(4) Bromoform
(5) Dibromomethane
(6) m-Dichlorobenzene
(7) 1,1-Dlchloropropane
(8) 1,1-Dichloroethane
(9) 1,1,2,2-Tetrachloroethane
(10) 1,3-Dichloropropane
(11) Chloromethane
(12) Bromomethane
(13) 1,2,3-T richloropropane
(14) 1,1,1,2-Tetrachloroethane
(15) Chloroethane
(16) 2,2-Dlchloropropane
(17) o-Chlorotoluene
(18) p-Chlorotoiuene
(19) Bromobenzene
(20) 1,3-Dichloropropene________________
Discretionary Monitoring State Required 
Volatile Organic Chemicals (VOC) 
__________ (40 CFR 141.40 (j))________
(1) 1,2,4-Trimethylbenzene
(2) 1,2,3-Trichlorpbenzene
(3) n-Propylbenzene
(4) n-Butylbenzene
(5) Naphtalene
(6) Hexachlorobutadiene
(7) 1,3,5-Trimethylbenzene
(8) p-isopropyltoiuene
(9) Isopropylbenzene
(10) Tert-Butylbenzene
(11) Sec-Butylbenzene
(12) Fluorotrichloromethane
(13) Dichlorodifluormethane
(14) Bromochloromethane ___
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Regulated inorganic Chemicals (lOCs) 
(40 CFR 141.62(b))
PHASE II
MCL (mg / L) parts MCL (ppb) parts
per million per billion
(1) Fluoride 4
(2) Barium 2
(3) Cadmium 0.005 5
(4) Chromium 0.1 100
(5) Mercury 0.002 2
(6) Selenium 0.05 50
(7) Nitrate 10 as N
(8) Nitrite 1 as N
(9) Total Nitrate + Nitrite 10 as N
(10) Asbestos 7 million fibers / L longer than 10 um
PHASE V
(1) Antimony 0.006 6
(2) Beryllium 0.004 4
(3) Cyanide 0.2 200
(4) Nickel 0.1 100
(5) Thallium 0.002 2
(40 CFR 141.11(a))
(1) Arsenic 0.05 50
Secondary Drinking Water Standards
MAC 445A.455
(1) Chloride 400
(2) Color 15
(3) Copper 1
(4) Foaming Agents (MBAS) 0.5
(5) Iron 0.6
(6) Magnesium 150
(7) Manganese 0.1
(8) Odor 3
(9) pH 6.5 -8.5
(10) Sulfate 500
(11 ) Total Dissoled Solids (TDS) 1000
(12) Zinc 5
(13) Fluoride 2
Special Monitoring for Sodium 
40 CFR 141.41
Annually for Surface Water Sources Every 3 years for ground water Sources
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Radionuclides
40 CFR 141.150 and 141.16
MCL (pCi /  L) picocuries per liter
Combined Radium-226 and 228 5
Annual Average Gross Alpha particle activity 15
Annual average Beta and photon particle radioactivity Annual dose equivalent to the human
(Applicable only to community surface public water body or any internal organ may
systems serving greater than 100,000 persons) not exeed 4 milimiters / year
Turbidity
40CFR 141.13
Community or non-community public water systems One (1) turbidity unit determined by a
using surface water in whole or in part monthly average unless the State
allows five (5) or fewer turbidity units.
Total Trihalomethanes
40CFR 141.12
MCL (ppm) parts per million
Public water systems serving 10,000 or more persons 0.1
and adding disinfectant
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APPENDIX D
FREQUENCY OF SAMPLING FOR THE ANALYZED PARAMETERS AT THE
DRINKING WATER INTAKE
(from Piechota et al., 2003)
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Frequency of Sampling and Time Period of Data Used to Evaluate Water Quality of the
Raw Water at the Intake of Lake Mead
VOCs
Record Available 07/2000 - 10/2002
Frequency Monthly
Unit m g / L
Vinyl Chloride
1,1- Dichloroethene
Methylene Chloride
Methyl Tertiary Butyl Ether
T rans-1,2-Dichloroethene
Cis-1,2-Dichloroethene
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene
1,2-Dlchloroethane
T richloroethene
1,2-Dichloropropane
Toluene
1,1,2-T richloroethane
Tetrachloroethene
Chlorobenzene
Ethyl Benzene
Xylenes (Total)
Styrene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,4-T richlorobenzene
Pathogens
Record Available 11/2001 - 11/2002
Frequency Weekly
Unit present / absent
Aeromonas hydrophila
Vibrio cholerae
Salmonella
Yersinia enterocolitica
Listeria monocytogens
Campylobacter jejuni
Helicobacter pylori
Radionuclides
Record Available 12/2000- 11/2001
Frequency Quarterly
Unit pCi /L
Gross Alpha
Gross Beta
Radium
Tritium
Strontium 90
Uranium
SOCs
Record Available 12/200 - 09/2002
Frequency Irregular
Unit m q/ L
1,2 Dibromo-3-Chloropropane (DBCP)
Ethylene Dibromide (EDB)
Chlordane
Endrin
Heptachlor
Heptachlor Epoxide
Lindane
Methoxychlor
Viruses
Record Available
Frequency
Unit
07/1994- 10/2002 
Monthly 
1 ̂ present; -1=absent
Enterovirus
HAV
HIV
Norwalk Virus 
Mycobacterium 
SRSV G1 
SRSV G2 
Rotavirus
Polychlorinated Biphenyls (RGB)
Toxaphene
2,4-D
Dalapon
Dinoseb
Pentachlorophenol 
Pichloram 
2,4,5-TP (Silvex)
Alachor
Atrazine
Simazine
Aldicarb
Aldicarb Sulfone 
Aldicarb Sulfoxide 
Carbofuran 
Oxamyl (Vydate)
Glyphosate
Endothall
Diquat
2,3,7,8-TCDD (Dioxin)
Benzo(a)pyrene
Di(2-ethylhexyl)adipate
Di(2-ethylhexyl)phthalate
Hexachlorobenzene
Hexachlorocyclopentadiene
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Frequency of Sampling and Time Period of Data Used to Evaluate Water Quality of the 
Raw Water at the Intake of Lake Mead
Inorganics
Record Available 01/1999 - 06/2002
Frequency Monthly
Parameter Unit
Color, True
Conductivity uc/cm
Odor T.G.N.
pH
Temperature °C
Turbidity NTU
Hardness (as CaCOs) m g / L
Calcium m g / L
Potasium m g / L
Magnesium m g / L
Sodium m g / L
Silver mg / L
Aluminum m g / L
Arsenic m g / L
Barium m g / L
Beryllium m g / L
Cadmium m g / L
Chromium m g/ L
Copper m g / L
Iron m g / L
Mercury m g / L
Viruses
Parameter
Manganese
Nickel
Lead
Antimony
Selenium
Thallium
Zinc
Alkalinity, Bicarbonate
Bromide
Chloride
Cyanide
Aggressiveness Index 
Langelier Index 
Carbon Dioxide 
Methylene Blue 
Nitrogen, Nitrate 
Nitrogen, Nitrite 
TDS 
TOS
Perchlorate
Fluoride
Phosphate, ortho
Silica
Sulfate
Unit
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
m g/
ppb
m g/
m g/
m g/
m g/
Item
Fecal Conform 
Fecal Streptococi 
E. Coli
Cryptosporidium
Unit
#/100 ml 
# / too ml 
# /100 ml 
# / 100  ml
Record Available
01/99-03/02 
01/99 -11/02 
04/02 -11/02 
04/94- 10/99
Frequency
Weekly
Weekly
Weekly
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APPENDIX E
YEARLY AND SEASONAL VARIATION OF CONTAMINANTS IN THE 
DRINKING WATER INTAKE AT LAKE MEAD
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Yearly and Seasonal Variation of Inorganic Contaminants at the Lake Mead Intake
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Turbidity - Annual Average
Hardness - Annual Average
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Calcium - Annual Average
Chloride - Annual Average
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NO,-N- Annual Average
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TDS - Annual Average
TOC - Annual Average
Methylene - Annual Average
TDS - Seasonal Variation
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Yearly and Seasonal Variation of Metals at the Lake Mead Intake
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Aluminum - Annual Average
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Beryllium - Annual Average
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Copper - Annual Average
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Magnesium - Annual Average
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Potassium - Annual Average Potassium - Seasonal Variation
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Sodium - Annual Average
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Yearly and Seasonal Variation of Radiological Parameters at the Lake Mead Intake
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Yearly and Seasonal Variation of Metals at the Lake Mead Intake
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Enterovirus - Finished Water 
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HIV - Finished Water 
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Rotavirus - Finished Water
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SRSV G2 - Finished Water 
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H e l i c o b a c t e r  p y l o r i
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Y e r s i n ia  e n t e r o c o l i t i c a
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S  40 
E
? "  
A  20
E3
Z  10
20022001
-Absent
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APPENDIX F
VULNERABILITY SCORES FOR PCAs IN EACH CONTAMINANT CATEGORY
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ID TYPE
DISTANCE 
TO THE 
INTAKE 
(mi)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILITY
SCORE
1 Dry Cleaning 25.77 5 5 3 0 13
2 Public Storage 25.69 1 5 3 0 9
4 Dry Cleaning 25.85 5 5 3 0 13
5 Gas Stations 25.38 5 5 3 0 13
9 Auto Repair Strops 24.90 5 5 3 0 13
24 Dry Cleaning 22.66 5 5 3 0 13
25 Gas Stations 22.69 5 5 3 0 13
26 Dry Cleaning 22.85 5 5 3 0 13
27 Gas Stations 22.81 5 5 3 0 13
49 Auto Repair Strops 20.66 5 5 5 0 15
50 Gas Stations 20.72 5 5 5 0 15
51 Car Washes 20.70 3 5 5 0 13
54 Public Storage 19.78 1 5 7 0 13
59 Car Washes 20.56 3 5 7 0 15
60 Gas Stations 20.52 5 5 7 0 17
61 Car Washes 20.52 3 5 7 0 15
63 Car Washes 20.49 3 5 7 0 15
65 Public Storage 20.49 1 5 7 0 13
66 Auto Repair Shops 21.52 5 5 5 0 15
68 Public Storage 21.10 1 5 5 0 11
70 Research Laboratories 25.59 5 5 3 0 13
75 Auto Repair Shops 26.56 5 5 3 0 13
86 Auto Repair Shops 29.66 5 5 1 0 11
89 Auto Repair Shops 29.08 5 5 1 0 11
90 Auto Repair Shops 29.08 5 5 1 0 11
92 Machine & Metalworlring 28.94 5 5 0 13
93 Auto Repair Shops 28.93 5 5 1 0 11
94 tvlachine & tVletalworking 28.92 5 5 1 0 11
95 Auto Repa r Shops 28.88 5 5 1 0 11
96 Auto Repa r Shops 28.88 5 5 1 0 11
98 Auto Repa r Shops 28.80 5 5 1 0 11
99 Auto Repa r Shops 28.78 5 5 1 0 11
100 Auto Repa r Shops 29.12 5 5 1 0 11
101 Auto Repa r Shops 29.21 5 5 1 0 11
102 Auto Repa r Shops 29.21 5 5 1 0 11
103 Auto Repa r Shops 29.21 5 5 1 0 11
104 Auto Repa r Shops 29.21 5 5 1 0 11
107 Auto Repa r Shops 29.28 5 5 1 0 11
108 Auto Repa r Shops 29.10 5 5 1 0 11
109 Auto Repa r Shops 29.11 5 5 1 0 11
111 Auto Repa r Shops 28.55 5 5 1 0 11
112 Auto Repa r Shops 28.51 5 5 1 0 11
114 Auto Repa r Shops 28.46 5 5 1 0 11
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ID TYPE
DISTANCE 
TO THE 
INTAKE 
(mi)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILITY
SCORE
115 Public Storage 28.38 1 5 1 0 7
116 Auto Repair Strops 28.27 5 5 1 0 11
117 Auto Repair Shops 28.23 5 5 1 0 11
118 Chem. Manuf/waretiouslng/distrlbutlon 28.21 5 5 1 0 11
120 Auto Repair Shops 27.88 5 5 1 0 11
121 Auto Repair Shops 27.85 5 5 1 0 11
122 Car Washes 27.82 3 5 1 0 9
123 Auto Repair Shops 27.70 5 5 1 0 11
124 Chem. Manuf/warehouslng/dlstr. 27.08 5 5 1 0 11
127 Auto Repair Shops 26.88 5 5 1 0 11
130 Gas Stations 27.05 5 5 1 0 11
131 Furniture, wood stripper, reflnlshers 26.89 5 5 1 0 11
132 Auto Repair Shops 27.54 5 5 1 0 11
133 Construction areas 27.86 3 5 1 0 9
135 Auto Repair Shops 26.61 5 5 1 0 11
136 Auto Repair Shops 26.69 5 5 1 0 11
142 Chem. Manuf/warehouslng/distr. 27.34 5 5 1 0 11
143 Auto Repair Shops 27.38 5 5 1 0 11
144 Research Laboratories 27.60 5 5 1 0 11
149 Gas Stations 24.24 5 5 1 0 11
151 Dry Cleaning 24.37 5 5 1 0 11
160 Dry Cleaning 19.72 5 5 7 0 17
163 Gas Stations 18.58 5 5 5 0 15
164 Car Washes 18.74 3 5 5 0 13
165 Gas Stations 18.67 5 5 5 0 15
167 Car Washes 18.55 3 5 5 0 13
170 Dry Cleaning 19.98 5 5 5 0 15
173 Public Storage 20.03 1 5 5 0 11
175 Car Washes 20.03 3 5 5 0 13
180 Gas Stations 18.50 5 5 9 0 19
186 Construction areas 18.06 3 5 9 0 17
190 Gas Stations 31.44 5 5 1 0 11
191 Car Washes 31.44 3 5 1 0 9
192 Dry Cleaning 31.44 5 5 1 0 11
193 Auto Repair Shops 31.44 5 5 1 0 11
194 Gas Stations 28.24 5 5 1 0 11
200 Gas Stations 20.99 5 5 7 0 17
201 Construction areas 21.00 3 5 7 0 15
209 Public Storage 21.61 1 5 7 0 13
210 Car Washes 22.54 3 5 5 0 13
212 Dry Cleaning 22.56 5 5 5 0 15
213 Gas Stations 22.61 5 5 5 0 15
214 Auto Repair Shops 22.60 5 5 5 0 15
216 Gas Stations 23.81 5 5 3 0 13
237 Auto Repair Shops 16.93 5 5 9 0 19
238 Auto Repair Shops 16.84 5 5 9 0 19
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ID TYPE
DISTANCE 
TO THE 
INTAKE 
(mi)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILITY
SCORE
240 Construction areas 17.39 3 5 9 0 17
243 Construction areas 16.97 3 5 7 0 15
246 Construction areas 16.27 3 5 9 0 17
250 Gas Stations 30.41 5 5 1 0 11
272 Research Laboratories 28.94 5 5 1 0 11
289 Public Storage 27.86 1 5 3 0 9
294 Dry Cleaning 28.69 5 5 3 0 13
297 Public Storage 28.43 1 5 3 0 9
298 Auto Repair Shops 28.45 5 5 3 0 13
299 Auto Repair Shops 28.48 5 5 3 0 13
300 Public Storage 28.39 1 5 3 0 9
305 Gas Stations 27.96 5 5 3 0 13
309 Gas Stations 25.82 5 5 3 0 13
316 Stormwater drains & retention basins 10.60 5 5 9 0 19
405 Auto Repair Shops 27.57 5 5 1 0 11
450 Stormwater drains & retention basins 15.84 5 5 9 0 19
451 Stormwater drains & retention basins 15.19 5 5 9 0 19
452 Stormwater drains & retention basins 14.73 5 5 9 0 19
454 Stormwater drains & retention basins 13.11 5 5 9 0 19
455 Stormwater drains & retention basins 18.30 5 5 9 0 19
456 Stormwater drains & retention basins 18.83 5 5 9 0 19
457 Stormwater drains & retention basins 14.50 5 5 9 0 19
504 Boat yards / marinas 8.39 5 5 9 0 19
505 Gas Stations 8.31 5 5 9 0 19
507 Boat yards / marinas 2.80 5 5 9 0 19
508 Boat yards /  marinas 1.11 5 5 9 0 19
509 Boat yards / marinas 0.94 5 5 9 0 19
511 Boat yards /  marinas 6.16 5 5 9 0 19
1005 Groundwater Remediati 30.12 5 5 1 0 11
1006 Groundwater Remediati 25.41 5 5 1 0 11
1007 Groundwater Remediati 24.25 5 5 1 0 11
1008 Groundwater Remediati 28.63 5 5 1 0 11
AVERAGE 
MAX 
MIN
13
19
7
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Synthetic Organic Compounds (SOCs) Vulnerability Assessment
ID TYPE
DISTANCE 
TO THE 
INTAKE
(ml)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER 
OUALIT 
Y H=5 
L=0
VULNERABILITY
SCORE
10 Golf Courses, parks & nurseries 24.25 5 5 3 0 13
55 Golf Courses, parks & nurseries 19.18 5 5 7 0 17
70 Research Laboratories 25.59 5 5 3 0 13
81 Golf Courses, parks & nurseries 26.36 5 5 3 0 13
118 Chem. fyianuf/warehousing/distribution 28.21 5 5 1 0 11
124 Chem. Manuf/warehousing/distr. 27.08 5 5 1 0 11
142 Chem. It/Ianuf/warehousing/distr. 27.34 5 5 1 0 11
144 Research Laboratories 27.60 5 5 1 0 11
182 Golf Courses, parks & nurseries 17.80 5 5 9 0 19
183 Golf Courses, parks & nurseries 18.00 5 5 9 0 19
196 Golf Courses, parks & nurseries 14.81 5 5 9 0 19
222 Golf Courses, parks & nurseries 19.28 5 5 7 0 17
248 Golf Courses, parks & nurseries 16.39 5 5 9 0 19
272 Research Laboratories 28.94 5 5 1 0 11
296 Educational Institutions 28.83 3 5 3 0 11
316 Stormwater drains & retention basins 10.60 5 5 9 0 19
366 Educational Institutions 22.32 3 5 7 0 15
367 Educational Institutions 21.85 3 5 7 0 15
371 Educational Institutions 23.47 3 5 3 0 11
440 Golf Courses, parks & nurseries 12.06 5 5 9 0 19
449 Golf Courses, parks & nurseries 9.30 5 5 9 0 19
450 Stormwater drains & retention basins 15.84 5 5 9 0 19
451 Stormwater drains & retention basins 15.19 5 5 9 0 19
452 Stormwater drains & retention basins 14.73 5 5 9 0 19
454 Stormwater drains & retention basins 13.11 5 5 9 0 19
455 Stormwater drains & retention basins 18.30 5 5 9 0 19
456 Stormwater drains & retention basins 18.83 5 5 9 0 19
457 Stormwater drains & retention basins 14.50 5 5 9 0 19
506 Sewer transfer stations 8.20 5 5 9 0 19
1001 (Municipal Wastewater 17.56 5 5 9 0 19
1002 ft/lunicipal Wastewater 16.00 5 5 9 0 19
1003 Municipal W astewater 13.20 5 5 9 0 19
1005 Groundwater Remediati 30.12 5 5 1 0 11
1006 Groundwater Remediati 25.41 5 5 1 0 11
1007 Groundwater Remediati 24.25 5 5 1 0 11
1008 Groundwater Remediati 28.63 5 5 1 0 11
2000 Septic systems, cesspools 20.68 5 5 5 0 15
2005 Septic systems, cesspools 15.50 5 5 9 0 19
2012 Septic systems, cesspools 27.26 5 5 1 0 11
2013 Septic systems, cesspools 21.53 5 5 7 0 17
2022 Septic systems, cesspools 18.81 5 5 5 0 15
2039 Septic systems, cesspools 27,08 5 5 1 0 11
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ID TYPE
DISTANCE 
TO THE 
INTAKE
(ml)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER 
QUALIT 
Y H=5 
L=0
VULNERABILITY
SCORE
2040 Septic systems, cesspools 20.77 5 5 5 0 15
2042 Septic systems, cesspools 18.81 5 5 5 0 15
2043 Septic systems, cesspools 18.81 5 5 5 0 15
2046 Septic systems, cesspools 18.88 5 5 5 0 15
2046 Septic systems, cesspools 28.48 5 5 1 0 11
2051 Septic systems, cesspools 28.63 5 5 1 0 11
2055 Septic systems, cesspools 18.81 5 5 5 0 15
2056 Septic systems, cesspools 18.88 5 5 5 0 15
2070 Septic systems, cesspoois 18 88 5 5 5 0 15
2071 Septic systems, cesspools 18.88 5 5 5 0 15
2084 Septic systems, cesspools 18.81 5 5 5 0 15
2085 Septic systems, cesspools 18.81 5 5 5 0 15
2086 Septic systems, cesspools 18 81 5 5 5 0 15
2087 Septic systems, cesspools 18.88 5 5 5 0 15
2088 Septic systems, cesspools 18.88 5 5 5 0 15
2091 Septic systems, cesspools 18.88 5 5 5 0 15
2095 Septic systems, cesspools 18.88 5 5 5 0 15
2096 Septic systems, cesspools 18.88 5 5 5 0 15
2112 Septic systems, cesspools 26.92 5 5 1 0 11
2121 Septic systems, cesspools 18.88 5 5 5 0 15
2123 Septic systems, cesspools 18 81 5 5 5 0 15
2125 Septic systems, cesspools 18.88 5 5 5 0 15
2132 Septic systems, cesspools 19.05 5 5 5 0 15
2134 Septic systems, cesspools 21.51 5 5 5 0 15
2139 Septic systems, cesspools 19.10 5 5 5 0 15
2145 Septic systems, cesspools 19.16 5 5 5 0 15
2147 Septic systems, cesspools 27.01 5 5 1 0 11
2149 Septic systems, cesspools 19.16 5 5 5 0 15
2162 Septic systems, cesspools 19.27 5 5 5 0 15
2162 Septic systems, cesspools 21.41 5 5 5 0 15
2164 Septic systems, cesspools 20.61 5 5 5 0 15
2164 Septic systems, cesspools 21.41 5 5 5 0 15
2165 Septic systems, cesspools 20.61 5 5 5 0 15
2166 Septic systems, cesspools 20.56 5 5 5 0 15
2168 Septic systems, cesspools 21.47 5 5 5 0 15
2169 Septic systems, cesspools 19.40 5 5 5 0 15
2170 Septic systems, cesspools 19.34 5 5 5 0 15
2170 Septic systems, cesspools 21.47 5 5 5 0 15
2171 Septic systems, cesspools 19.27 5 5 5 0 15
2171 Septic systems, cesspools 21.47 5 5 5 0 15
2172 Septic systems, cesspools 19.27 5 5 5 0 15
2172 Septic systems, cesspools 21.33 5 5 5 0 15
2173 Septic systems, cesspools 19.27 5 5 5 0 15
2173 Septic systems, cesspools 21.51 5 5 5 0 15
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ID TYPE
DISTANCE 
TO THE 
INTAKE 
(ml)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER 
QUALIT 
Y H=5 
L=0
VULNERABILITY
SCORE
2175 Septic systems, cesspools 19.40 5 5 5 0 15
2175 Septic systems, cesspools 21.51 5 5 5 0 15
2176 Septic systems, cesspools 19.40 5 5 5 0 15
2177 Septic systems, cesspools 19,34 5 5 5 0 15
2178 Septic systems, cesspools 19.27 5 5 5 0 15
2179 Septic systems, cesspools 19.40 5 5 5 0 15
2180 Septic systems, cesspools 19.40 5 5 5 0 15
2181 Septic systems, cesspools 19.34 5 5 5 0 15
2181 Septic systems, cesspools 21.51 5 5 5 0 15
2193 Septic systems, cesspools 21.41 5 5 5 0 15
2194 Septic systems, cesspools 21.41 5 5 5 0 15
2200 Septic systems, cesspools 21.51 5 5 5 0 15
2201 Septic systems, cesspools 21.47 5 5 5 0 15
2204 Septic systems, cesspools 21.47 5 5 5 0 15
2205 Septic systems, cesspools 21.51 5 5 5 0 15
2288 Septic systems, cesspools 22 97 5 5 3 0 13
2288 Septic systems, cesspools 27.12 5 5 1 0 11
2291 Septic systems, cesspools 20.61 5 5 5 0 15
2297 Septic systems, cesspools 19.27 5 5 5 0 15
2298 Septic systems, cesspools 19.16 5 5 5 0 15
2300 Septic systems, cesspools 19.27 5 5 5 0 15
2317 Septic systems, cesspools 20.34 5 5 7 0 17
2318 Septic systems, cesspools 20.34 5 5 7 0 17
2326 Septic systems, cesspools 21.33 5 5 5 0 15
2330 Septic systems, cesspools 21.47 5 5 5 0 15
2369 Septic systems, cesspools 22.91 5 5 3 0 13
2384 Septic systems, cesspools 20.75 5 5 5 0 15
2387 Septic systems, cesspools 20.75 5 5 5 0 15
2390 Septic systems, cesspools 20.68 5 5 5 0 15
2444 Septic systems, cesspools 19.47 5 5 5 0 15
2479 Septic systems, cesspools 19.47 5 5 5 0 15
2488 Septic systems, cesspools 19.53 5 5 5 0 15
2493 Septic systems, cesspools 19.53 5 5 5 0 15
2517 Septic systems, cesspools 20.82 5 5 5 0 15
2521 Septic systems, cesspools 20.82 5 5 5 0 15
2523 Septic systems, cesspools 22.97 5 5 3 0 13
2527 Septic systems, cesspools 19.57 5 5 5 0 15
2552 Septic systems, cesspools 19.65 5 5 5 0 15
2584 Septic systems, cesspools 19.73 5 5 5 0 15
2587 Septic systems, cesspools 29.19 5 5 1 0 11
2588 Septic systems, cesspools 29.19 5 5 1 0 11
2SB9 Septic systems, cesspools 29.14 5 5 1 0 11
2590 Septic systems, cesspools 29.14 5 5 1 0 11
2596 Septic systems, cesspools 28.73 5 5 3 0 13
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ID TYPE
DISTANCE 
TO THE 
INTAKE
(m l)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER 
OUALIT 
Y H=5 
L=0
VULNERABILITY
SCORE
2597 Septic systems, cesspools 28.75 5 5 3 0 13
2600 Septic systems, cesspools 23.99 5 5 3 0 13
2621 Septic systems, cesspools 20.92 5 5 5 0 15
2637 Septic systems, cesspools 20.00 5 5 5 0 15
2647 Septic systems, cesspools 20.00 5 5 5 0 15
2736 Septic systems, cesspools 20.97 5 5 5 0 15
2907 Septic systems, cesspools 28.70 5 5 3 0 13
2954 Septic systems, cesspools 21.11 5 5 5 0 15
21061 Septic systems, cesspools 28.34 5 5 3 0 13
21071 Septic systems, cesspools 28.50 5 5 3 0 13
21098 Septic systems, cesspools 29.37 5 5 1 0 11
21178 Septic systems, cesspools 21.84 5 5 7 0 17
21323 Septic systems, cesspools 21.84 5 5 7 0 17
21326 Septic systems, cesspools 21.84 5 5 7 0 17
21420 Septic systems, cesspools 21.70 5 5 7 0 17
21428 Septic systems, cesspools 21.71 5 5 5 0 15
21431 Septic systems, cesspools 24.35 5 5 1 0 11
21447 Septic systems, cesspools 24.31 5 5 1 0 11
21475 Septic systems, cesspools 20.75 5 5 5 0 15
21566 Septic systems, cesspools 21.70 5 5 7 0 17
21572 Septic systems, cesspools 21.70 5 5 7 0 17
21574 Septic systems, cesspools 21.70 5 5 7 0 17
21576 Septic systems, cesspools 21.70 5 5 7 0 17
21732 Septic systems, cesspools 28.56 5 5 3 0 13
22120 Septic systems, cesspools 19.31 5 5 5 0 15
22121 Septic systems, cesspools 19.27 5 5 5 0 15
22124 Septic systems, cesspools 19.22 5 5 5 0 15
212670 Septic systems, cesspools 22.91 5 5 3 0 13
216901 Septic systems, cesspools 1925 5 5 5 0 15
AV RAGE
MAX
MIN
15
19
11
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Inorganic Compounds (lOCs) Vulnerability Assessment
ID TYPE
DISTANC 
E TO THE 
INTAKE
(ml)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILIT 
Y SCORE
3 Photography & Printers 25.89 5 5 3 5 18
8 Photography & Printers 24.91 5 5 3 5 18
10 Golf Courses, parks & nurseries 24.25 5 5 3 5 18
51 Car Washes 20.70 3 5 5 5 18
55 Golf Courses, parks & nurseries 19.18 5 5 7 5 22
59 Car Washes 20.56 3 5 7 5 20
61 Car Washes 20.52 3 5 7 5 20
63 Car W ashes 20.49 3 5 7 5 20
70 Research Laboratories 25.59 5 5 3 5 18
81 Golf Courses, parks & nurseries 26.36 5 5 3 5 18
97 Photography & Printers 28.89 5 5 1 5 16
113 Photography & Printers 28.50 5 5 1 5 16
118 Chem. Manuf/warehouslng/distribution 28.21 5 5 1 5 16
122 Car Washes 27.82 3 5 1 5 14
124 Chem. tyianuf/warehouslng/distr. 27.08 5 5 1 5 16
142 Chem. Manuf/warehousing/distr. 27.34 5 5 1 5 16
144 Research Laboratories 27.60 5 5 1 5 16
164 Car Washes 18.74 3 5 5 5 18
167 Car Washes 18.55 3 5 5 5 18
175 Gar Washes 20.03 3 5 5 5 18
182 Golf Courses, parks & nurseries 17.80 5 5 9 5 24
183 Golf Courses, parks & nurseries 18.00 5 5 9 5 24
191 Car Washes 31.44 3 5 1 5 14
196 Golf Courses, parks & nurseries 14.81 5 5 9 5 24
210 Car Washes 22.54 3 5 5 5 18
222 Golf Courses, parks & nurseries 19.28 5 5 7 5 22
248 Golf Courses, parks & nurseries 16.39 5 5 9 5 24
272 Research Laboratories 28.94 5 5 1 5 16
296 Educational Institutions 28.83 3 5 3 5 16
316 Stormwater drains & retention basins 10.60 5 5 9 5 24
366 Educational Institutions 22.32 3 5 7 5 20
367 Educational Institutions 21.85 3 5 7 5 20
371 Educational Institutions 23.47 3 5 3 5 16
440 Golf Courses, parks & nurseries 12.06 5 5 9 5 24
449 Golf Courses, parks & nurseries 9.30 5 5 9 5 24
450 Stormwater drains & retention basins 15.84 5 5 9 5 24
451 Stormwater drains & retention basins 15.19 5 5 9 5 24
452 Stormwater drains & retention basins 14.73 5 5 9 5 24
454 Stormwater drains & retention basins 13.11 5 5 9 5 24
455 Stormwater drains & retention basins 18.30 5 5 9 5 24
456 Stormwater drains & retention basins 18.83 5 5 9 5 24
457 Stormwater drains & retention basins 14.50 5 5 9 ...5 24
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ID TYPE
DISTANC 
E TO THE 
INTAKE 
(ml)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILIT 
Y SCORE
506 Sewer transfer stations 8.20 5 5 9 5 24
1001 t^unicipal Wastewater 17.56 5 5 9 5 24
1002 Municipal Wastewater 16.00 5 5 9 5 24
1003 Municipal Wastewater 13.20 5 5 9 5 24
1004 Dewatering 21.50 3 5 5 5 18
1005 Groundwater Remediati 30.12 5 5 1 5 16
1007 Groundwater Remediati 24.25 5 5 1 5 16
1008 Groundwater Remediati 28.63 5 5 1 5 16
1009 Miscellaneous 13.47 5 5 9 5 24
2000 Septic systems, cesspools 20.68 5 5 5 5 20
2005 Septic systems, cesspools 15.50 5 5 9 5 24
2012 Septic systems, cesspools 27.26 5 5 1 5 16
2013 Septic systems, cesspools 21.53 5 5 7 5 22
2022 Septic systems, cesspools 18.81 5 5 5 5 20
2039 Septic systems, cesspools 27.08 5 5 1 5 16
2040 Septic systems, cesspools 20.77 5 5 5 5 20
2042 Septic systems, cesspools 18.81 5 5 5 5 20
2043 Septic systems, cesspools 18.81 5 5 5 5 20
2046 Septic systems, cesspools 18.88 5 5 5 5 20
2046 Septic systems, cesspools 28.48 5 5 1 5 16
2051 Septic systems, cesspools 28.63 5 5 1 5 16
2055 Septic systems, cesspools 18.81 5 5 5 5 20
2056 Septic systems, cesspools 18.88 5 5 5 5 20
2070 Septic systems, cesspools 18.88 5 5 5 5 20
2071 Septic systems, cesspools 18.88 5 5 5 5 20
2084 Septic systems, cesspools 18.81 5 5 5 5 20
2085 Septic systems, cesspools 18.81 5 5 5 5 20
2086 Septic systems, cesspools 18.81 5 5 5 5 20
2087 Septic systems, cesspools 18.88 5 5 5 5 20
2088 Septic systems, cesspools 18.88 5 5 5 5 20
2091 Septic systems, cesspools 18.88 5 5 5 5 20
2095 Septic systems, cesspools 18.88 5 5 5 5 20
2096 Septic systems, cesspools 18.88 5 5 5 5 20
2112 Septic systems, cesspools 26.92 5 5 1 5 16
2121 Septic systems, cesspools 18.88 5 5 5 5 20
2123 Septic systems, cesspools 18.81 5 5 5 5 20
2125 Septic systems, cesspools 18.88 5 5 5 5 20
2132 Septic systems, cesspools 19.05 5 5 5 5 20
2134 Septic systems, cesspools 21.51 5 5 5 5 20
2139 Septic systems, cesspools 19.10 5 5 5 5 20
2145 Septic systems, cesspools 19.16 5 5 5 5 20
2147 Septic systems, cesspools 27.01 5 5 1 5 16
2149 Septic systems, cesspools 19.16 5 5 5 5 20
2162 Septic systems, cesspools 19.27 5 5 5 5 20
2162 Septic systems, cesspools 21.41 5 5 5 5 20
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ID TYPE
DISTANC 
E TO THE 
INTAKE 
(mi)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILIT 
Y SCORE
2164 Septic systems, cesspools 20.61 5 5 5 5 20
2164 Septic systems, cesspools 21.41 5 5 5 5 20
2165 Septic systems, cesspools 20.61 5 5 5 5 20
2166 Septic systems, cesspools 20.56 5 5 5 5 20
2168 Septic systems, cesspools 21.47 5 5 5 5 20
2169 Septic systems, cesspools 19.40 5 5 5 5 20
2170 Septic systems, cesspools 19.34 5 5 5 5 20
2170 Septic systems, cesspools 21.47 5 5 5 5 20
2171 Septic systems, cesspools 19.27 5 5 5 5 20
2171 Septic systems, cesspools 21 47 5 5 5 5 20
2172 Septic systems, cesspools 19.27 5 5 5 5 20
2172 Septic systems, cesspools 21.33 5 5 5 5 20
2173 Septic systems, cesspools 19.27 5 5 5 5 20
2173 Septic systems, cesspools 21.51 5 5 5 5 20
2175 Septic systems, cesspools 19.40 5 5 5 5 20
2175 Septic systems, cesspools 21.51 5 5 5 5 20
2176 Septic systems, cesspools 19.40 5 5 5 5 20
2177 Septic systems, cesspools 19.34 5 5 5 5 20
2178 Septic systems, cesspools 19.27 5 5 5 5 20
2179 Septic systems, cesspools 19.40 5 5 5 5 20
2180 Septic systems, cesspools 19.40 5 5 5 5 20
2181 Septic systems, cesspools 19.34 5 5 5 5 20
2181 Septic systems, cesspools 21.51 5 5 5 5 20
2193 Septic systems, cesspools 21.41 5 5 5 5 20
2194 Septic systems, cesspools 21.41 5 5 5 5 20
2200 Septic systems, cesspools 21.51 S 5 5 5 20
2201 Septic systems, cesspools 21.47 5 5 5 5 20
2204 Septic systems, cesspools 21.47 5 5 5 5 20
2205 Septic systems, cesspools 21.51 5 5 5 5 20
2288 Septic systems, cesspools 22.97 5 5 3 5 18
2288 Septic systems, cesspools 27.12 5 5 1 5 16
2291 Septic systems, cesspools 20.61 5 5 5 5 20
2297 Septic systems, cesspools 19.27 5 5 5 5 20
2298 Septic systems, cesspools 19.16 5 5 5 5 20
2300 Septic systems, cesspools 19.27 5 5 5 5 20
2317 Septic systems, cesspools 20.34 5 5 7 5 22
2318 Septic systems, cesspools 20.34 5 5 7 5 22
2326 Septic systems, cesspools 21.33 5 5 5 5 20
2330 Septic systems, cesspools 21.47 5 5 5 5 20
2369 Septic systems, cesspools 22.91 5 5 3 5 18
2384 Septic systems, cesspools 20.75 5 5 5 5 20
2387 Septic systems, cesspools 20.75 5 5 5 5 20
2390 Septic systems, cesspools 20.68 5 5 5 5 20
2444 Septic systems, cesspools 19.47 5 5 6 5 20
2479 Septic systems, cesspools 19.47 5 5 5 5 20
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ID TYPE
DISTANC 
E TO THE 
INTAKE 
(mi)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILIT 
Y SCORE
2488 Septic systems, cesspools 19.53 5 5 5 5 20
2493 Septic systems, cesspools 19.53 5 5 5 5 20
2517 Septic systems, cesspools 20.82 5 5 5 5 20
2521 Septic systems, cesspools 20.82 5 5 5 5 20
2523 Septic systems, cesspools 22.97 5 5 3 5 18
2527 Septic systems, cesspools 19.57 5 5 5 5 20
2552 Septic systems, cesspools 19,65 5 5 5 5 20
2584 Septic systems, cesspools 19.73 5 5 5 5 20
2587 Septic systems, cesspools 29.19 5 5 1 5 16
2588 Septic systems, cesspools 29.19 5 5 1 5 16
2589 Septic systems, cesspools 29.14 5 5 1 5 16
2590 Septic systems, cesspools 29.14 5 5 1 5 16
2596 Septic systems, cesspools 28.73 5 5 3 5 18
2597 Septic systems, cesspools 28.75 5 5 3 5 18
2600 Septic systems, cesspools 23.99 5 5 3 5 18
2621 Septic systems, cesspools 20.92 5 5 5 5 20
2637 Septic systems, cesspools 20.00 5 5 5 5 20
2647 Septic systems, cesspools 20.00 5 5 5 5 20
2736 Septic systems, cesspools 20.97 5 5 5 5 20
2907 Septic systems, cesspools 28.70 5 5 3 5 18
2954 Septic systems, cesspools 21.11 5 5 5 5 20
21061 Septic systems, cesspools 28.34 5 5 3 5 18
21071 Septic systems, cesspools 28.50 5 5 3 5 18
21098 Septic systems, cesspools 29.37 5 5 1 5 16
21178 Septic systems, cesspools 21.84 5 5 7 5 22
21323 Septic systems, cesspools 21.84 5 5 7 5 22
21326 Septic systems, cesspools 21.84 5 5 7 5 22
21420 Septic systems, cesspools 21.70 5 5 7 5 22
21428 Septic systems, cesspools 21.71 5 5 5 5 20
21431 Septic systems, cesspools 24.35 5 5 1 5 16
21447 Septic systems, cesspools 24.31 5 5 1 5 16
21475 Septic systems, cesspools 20.75 5 5 5 5 20
21566 Septic systems, cesspools 21.70 5 5 7 5 22
21572 Septic systems, cesspools 21.70 5 5 7 5 22
21574 Septic systems, cesspools 21.70 5 5 7 5 22
21576 Septic systems, cesspools 21.70 5 5 7 5 22
21732 Septic systems, cesspools 28.56 5 5 3 5 18
22120 Septic systems, cesspools 19.31 5 5 5 5 20
22121 Septic systems, cesspools 19.27 5 5 5 5 20
22124 Septic systems, cesspools 19.22 5 5 5 5 20
212670 Septic systems, cesspools 22.91 5 5 3 5 18
216901 Septic systems, cesspools 19.25 5 5 5 5 20
AVERAGE 
MAX 
MIN
20
24
14
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Microbiological Compounds Vulnerability Assessment
ID TYPE
DISTANCE 
TO THE 
INTAKE
(mi)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
8-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILITY
SCORE
11 Medical Institutions 23.62 1 5 3 5 14
23 Medical Institutions 23.08 1 5 3 5 14
51 Car Washes 20.70 3 5 5 5 18
59 Car Washes 20.56 3 5 7 5 20
61 Car Washes 20.52 3 5 7 5 20
62 Medical Institutions 20,65 1 5 7 5 18
63 Car Washes 20.49 3 5 7 5 20
67 Medical Institutions 23.64 1 5 3 5 14
70 Research Laboratories 25.59 5 5 3 5 18
71 Medical Institutions 25.76 1 5 3 5 14
122 Car Washes 27.82 3 5 1 5 14
144 Research Laboratories 27.60 5 5 1 5 16
150 Medical institutions 24.34 1 5 1 5 12
164 Car Washes 18.74 3 5 5 5 18
166 Medical Institutions 29.09 1 5 1 5 12
167 Car Washes 18.55 3 5 5 5 18
168 Medical Institutions 19.80 1 5 5 5 16
175 Car Washes 20,03 3 5 5 5 18
177 Medical institutions 20.09 1 5 5 5 16
178 Medical Institutions 20.09 1 5 5 5 16
191 Car Washes 31.44 3 5 1 5 14
210 Car Washes 22.54 3 5 5 5 18
219 Medical Institutions 20.07 1 5 5 5 16
225 Medical Institutions 18.59 1 5 7 5 18
226 Medical Institutions 18.71 1 5 7 5 18
227 Medical Institutions 18.03 1 5 7 5 18
228 Medical Institutions 18.01 1 5 7 5 18
229 Medical Institutions 18.02 1 5 7 5 18
230 Medical Institutions 18.01 1 5 7 5 18
231 Medical Institutions 18.01 1 5 7 5 18
234 Medical Institutions 17.57 1 5 9 5 20
235 Medical Institutions 17.55 1 5 9 5 20
236 Medical Institutions 17.53 1 5 9 5 20
241 Medical Institutions 17.75 1 5 7 5 18
262 Medical Institutions 29.11 1 5 1 5 12
263 Medical Institutions 29.09 1 5 1 5 12
264 Medical Institutions 29.14 1 5 1 5 12
265 Medical Institutions 29.14 1 5 1 5 12
266 Medical Institutions 29.06 1 5 1 5 12
287 Medical Institutions 29.01 1 5 1 5 12
268 Medical Institutions 28.96 1 5 1 5 12
269 Medical Institutions 28.91 1 5 1 5 12
270 Medical Institutions 28,96 1 5 1 5 12
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ID TYPE
DISTANCE 
TO THE 
INTAKE 
(ml)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
TOT (hr) 
0-6=9 
6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILITY
SCORE
271 Medical Institutions 29.01 1 5 1 5 12
272 Researcti Laboratories 28.94 5 5 1 5 16
273 Medical Institutions 29.03 1 5 1 5 12
274 Medical Institutions 29.06 1 5 1 5 12
. 275 Medical Institutions 29.07 1 5 1 5 12
276 Medical Institutions 29.08 1 5 1 5 12
277 Medical Institutions 29.03 1 5 1 5 12
278 Medical Institutions 28.98 1 5 1 5 12
279 Medical Institutions 28.86 1 5 3 5 14
280 Medical Institutions 28.85 1 5 3 5 14
282 Medical Institutions 28.78 1 5 3 5 14
283 Medical Institutions 28.69 1 5 3 5 14
284 Medical Institutions 28.04 1 5 3 5 14
287 Medical Institutions 28.53 1 5 3 5 14
288 Medical institutions 28.48 1 5 3 5 14
308 Medical Institutions 24.77 1 5 3 5 14
316 Stormwater drains & retention basins 10.60 5 9 5 24
442 Medical Institutions 28.89 1 5 1 5 12
443 Medical Institutions 28.39 1 5 3 5 14
444 Medical Institutions 28.08 1 5 3 5 14
450 Stormwater drains & retention basins 15.84 5 5 9 5 24
451 Stormwater drains & retention basins 15.19 5 5 9 5 24
452 Stormwater drains & retention basins 14.73 5 5 9 5 24
454 Stormwater drains & retention basins 13.11 5 5 9 5 24
455 Stormwater drains & retention basins 18.30 5 5 9 5 24
456 Stormwater drains & retention basins 18.83 5 5 9 5 24
457 Stormwater drains & retention basins 14.50 5 5 9 5 24
506 Sewer transfer stations 8.20 5 5 9 5 24
1001 Municipal Wastewater 17.56 5 5 9 5 24
1002 Municipal Wastewater 16.00 5 5 9 5 24
1003 Municipal W astewater 13.20 5 5 9 5 24
2000 Septic systems, cesspools 20.68 5 5 5 5 20
2005 Septic systems, cesspools 15.50 5 5 9 5 24
2012 Septic systems, cesspools 27.26 5 5 1 5 16
2013 Septic systems, cesspools 21.53 5 5 7 5 22
2022 Septic systems, cesspools 18.81 5 5 5 5 20
2039 Septic systems, cesspools 27.08 5 5 1 5 16
2040 Septic systems, cesspools 20.77 5 5 5 5 20
2042 Septic systems, cesspools 18.81 5 5 5 5 20
2043 Septic systems, cesspools 18.81 5 5 5 5 20
2046 Septic systems, cesspools 18.88 5 5 5 5 20
2046 Septic systems, cesspools 28.48 5 5 1 5 16
2051 Septic systems, cesspools 28 63 5 5 1 5 16
2055 Septic systems, cesspools 18.81 5 5 5 5 20
2056 Septic systems, cesspools 18.88 5 5 5 5 20
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ID TYPE
DISTANCE 
TO THE 
INTAKE
(m l)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
L=1
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6-12=7 
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18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILITY
SCORE
2070 Septic systems, cesspools 18.88 5 5 5 5 20
2071 Septic systems, cesspools 18.88 5 5 5 5 20
2084 Septic systems, cesspools 18.81 5 5 5 5 20
2085 Septic systems, cesspools 18.81 5 5 5 5 20
2086 Septic systems, cesspools 18.81 5 5 5 5 20
2087 Septic systems, cesspools 18 88 5 5 5 5 20
2088 Septic systems, cesspools 18.88 5 5 5 5 20
2091 Septic systems, cesspools 18.88 5 5 5 5 20
2095 Septic systems, cesspools 18.88 5 5 5 5 20
2096 Septic systems, cesspools 18.88 5 5 5 5 20
2112 Septic systems, cesspools 26.92 5 5 1 5 16
2121 Septic systems, cesspools 18.88 5 5 5 5 20
2123 Septic systems, cesspools 18.81 5 5 5 5 20
2125 Septic systems, cesspools 18.88 5 5 5 5 20
2132 Septic systems, cesspools 19.05 5 5 5 5 20
2134 Septic systems, cesspools 21.51 5 5 5 5 20
2139 Septic systems, cesspools 19.10 5 5 5 5 20
2145 Septic systems, cesspools 19.16 5 5 5 5 20
2147 Septic systems, cesspools 27.01 5 5 1 5 16
2149 Septic systems, cesspools 19.16 5 5 5 5 20
2162 Septic systems, cesspools 19.27 5 5 5 5 20
2162 Septic systems, cesspools 21.41 5 5 5 5 20
2164 Septic systems, cesspools 20.61 5 5 5 5 20
2164 Septic systems, cesspools 21.41 5 5 5 5 20
2165 Septic systems, cesspools 20.61 5 5 5 5 20
2166 Septic systems, cesspools 20.56 5 5 5 5 20
2168 Septic systems, cesspools 21,47 5 5 5 5 20
2169 Septic systems, cesspools 19.40 5 5 5 5 20
2170 Septic systems, cesspools 19.34 5 5 5 5 20
2170 Septic systems, cesspools 21.47 5 5 5 5 20
2171 Septic systems, cesspools 19.27 5 5 5 5 20
2171 Septic systems, cesspools 21.47 5 5 5 5 20
2172 Septic systems, cesspools 19.27 5 5 5 5 20
2172 Septic systems, cesspools 21.33 5 5 5 5 20
2173 Septic systems, cesspools 19.27 5 5 5 5 20
2173 Septic systems, cesspools 21.51 5 5 5 5 20
2175 Septic systems, cesspools 19.40 5 5 5 5 20
2175 Septic systems, cesspools 21.51 5 5 5 5 20
2176 Septic systems, cesspools 19.40 5 5 5 5 20
2177 Septic systems, cesspools 19.34 5 5 5 5 20
2178 Septic systems, cesspools 19.27 5 5 5 5 20
2179 Septic systems, cesspools 19.40 5 5 5 5 20
2180 Septic systems, cesspools 19,40 5 5 5 5 20
2181 Septic systems, cesspools 19.34 5 5 5 5 20
2181 Septic systems, cesspools 21.51 5 5 5 5 20
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ID TYPE
DISTANCE 
TO THE 
INTAKE
(ml)
RISK
POTENTIAL
H=5
M=3
L=1
PBE
L=5
M=3
1=1
TOT (hr) 
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6-12=7 
12-18=5 
18-24=3 
>24=1
WATER
QUALITY
H=5
L=0
VULNERABILITY
SCORE
2193 Septic systems, cesspools 21.41 5 5 5 5 20
2194 Septic systems, cesspools 21.41 5 5 5 5 20
2200 Septic systems, cesspools 21.51 5 5 5 5 20
2201 Septic systems, cesspools 21.47 5 5 5 5 20
2204 Septic systems, cesspools 21.47 5 5 5 5 20
2205 Septic systems, cesspools 21.51 5 5 5 5 20
2288 Septic systems, cesspools 22.97 5 5 3 5 18
2288 Septic systems, cesspools 27.12 5 5 1 5 16
2291 Septic systems, cesspools 20.61 5 5 5 5 20
2297 Septic systems, cesspools 19.27 5 5 5 5 20
2298 Septic systems, cesspools 19.16 5 5 5 5 20
2300 Septic systems, cesspools 19.27 5 5 5 5 20
2317 Septic systems, cesspools 20.34 5 5 7 5 22
2318 Septic systems, cesspools 20.34 5 5 7 5 22
2326 Septic systems, cesspools 21.33 5 5 5 5 20
2330 Septic systems, cesspools 21.47 5 5 5 5 20
2369 Septic systems, cesspools 22.91 5 5 3 5 18
2384 Septic systems, cesspools 20.75 5 5 5 5 20
2387 Septic systems, cesspools 20.75 5 5 5 5 20
2390 Septic systems, cesspools 20.68 5 5 5 5 20
2444 Septic systems, cesspools 19.47 5 5 5 5 20
2479 Septic systems, cesspools 19.47 5 5 5 5 20
2488 Septic systems, cesspools 19.53 5 5 5 5 20
2493 Septic systems, cesspools 19.53 5 5 5 5 20
2517 Septic systems, cesspools 20.82 5 5 5 5 20
2521 Septic systems, cesspools 20.82 5 5 5 5 20
2523 Septic systems, cesspools 22.97 5 5 3 5 18
2527 Septic systems, cesspools 19.57 5 5 5 5 20
2552 Septic systems, cesspools 19.65 5 5 5 5 20
2584 Septic systems, cesspools 19.73 5 5 5 5 20
2587 Septic systems, cesspools 29.19 5 5 1 5 16
2588 Septic systems, cesspools 29.19 5 5 1 5 16
2589 Septic systems, cesspools 29.14 5 5 1 5 16
2590 Septic systems, cesspools 29.14 5 5 1 5 16
2596 Septic systems, cesspools 28.73 5 5 3 5 18
2597 Septic systems, cesspools 28.75 5 5 3 5 18
2600 Septic systems, cesspools 23.99 5 5 3 5 18
2621 Septic systems, cesspools 20.92 5 5 5 5 20
2637 Septic systems, cesspools 20.00 5 5 5 5 20
2647 Septic systems, cesspools 20.00 5 5 5 5 20
2736 Septic systems, cesspools 20.97 5 5 5 5 20
2907 Septic systems, cesspools 28.70 5 5 3 5 18
2954 Septic systems, cesspools 21.11 5 5 5 5 20
21061 Septic systems, cesspools 28.34 5 5 3 5 18
21071 Septic systems, cesspools 28.50 5 5 3 5 18
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ID TYPE
DISTANCE 
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SCORE
21098 Septic systems, cesspools 29.37 5 5 1 5 16
21178 Septic systems, cesspools 21.84 5 5 7 5 22
21323 Septic systems, cesspools 21 84 5 5 7 5 22
21326 Septic systems, cesspools 21.84 5 5 7 5 22
21420 Septic systems, cesspools 21.70 5 5 7 5 22
21428 Septic systems, cesspools 21.71 5 5 5 5 20
21431 Septic systems, cesspools 24.35 5 5 1 5 16
21447 Septic systems, cesspools 24.31 5 5 1 5 16
21475 Septic systems, cesspools 20.75 5 5 5 5 20
21566 Septic systems, cesspools 21.70 5 5 7 5 22
21572 Septic systems, cesspools 21.70 5 5 7 5 22
21574 Septic systems, cesspools 21 70 5 5 7 5 22
21576 Septic systems, cesspools 21.70 5 5 7 5 22
21732 Septic systems, cesspools 28.56 5 5 3 5 18
22120 Septic systems, cesspools 19.31 5 5 5 5 20
22121 Septic systems, cesspools 19.27 5 5 5 5 20
22124 Septic systems, cesspools 19.22 5 5 5 5 20
212670 Septic systems, cesspools 22.91 5 5 3 5 18
216901 Septic systems, cesspools 19.25 5 5 5 5 20
Average 
MAX 
MIN
18
24
12
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